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QUALITY OF RUNOFF WATER IN URBAN AREAS
Matti Melanen
MELANEN, M. 1981. Quality of runoff water in urban areas. Publications
of the Water Research Institute, National Board ofWaters, Finland, No. 42.
The runoff water and atmospheric particle deposition were sampled
simultaneously over a three-year period in six Finnish urban catchments.
The variance of the quality of runoff water was wide both between and
within the different catchments. As for the main parameters, the average
composition of storm-runoff water varied as follows: SS 89—280 mg 1—1,
BOD7 9—28 mg 1 02, C0DC 93—200 mg 11 02, tot P 0.25—0.43
mg 1 P, tot N 1.1—2.2 mg l N, Pb 0.092—0.43 mg —1 Pb and pH
6.7—7.2. A statistically significant difference was found to exist in the
composition of runoff water between the suburban residential catch
ments and the other type of catchments. Of the order of one third to two
thirds of the total variance of the studied storm-runoff quality parameters
could be explained by variables characterizing the catchment category,
emission and deposition levels, and hydrometeorological factors. The
aerial deposition was found to contribute a substantial basic pollutant
load to the urban runoff water. As for the studied parameters, the
approximate proportion of the atmospheric load in the Finnish urban
areas is as follows: 1/2—3/4 for sulphate, 1/2—2/3 for total nitrogen,
1/4—1/2 for vanadium, 1/4—1/3 for organic matter and copper, 1/4 for
total phosphorus, 1/5—1/4 for lead, 1/5 for total solids, 1/10—1/5 for
zinc, and 1/20—1/5 for chloride. The magnitude of the annual discharge
of pollutants in the Finnish urban areas is as follows: SS 10 000—100 000
kg km2 a’, CODCr 10000—50000 kg km2a 02, BOD7 1 000—
10000kg km2a1 02, tot P 20—200kkma P, totN 200—1 000
kg km2a N and Pb 10—150 kg km a1 Pb.
Index words: Urban runoff, water quality, water quality modelling,
atmospheric particle deposition, emissions, urban hydrology.
1. INTRODUCTION
The field experiments of an extensive research
programme, the Finnish Urban Storm Water
Project, were carried out over the 1977—1979
period to obtain data on the quantity and quality
of urban runoff water under Finnish circum
stances.
A simplified scheme of the interaction between
the urban air and runoff systems, which was
followed in the impiementation of the measure
ments, is shown in Fig. 1.
In the scheme of Fig. 1, the atmospheric
pollutant load in the urban runoff water is con
sidered to be due to aerial particle deposition
in the form of dry and wet deposition. In the
scheme the direct diffusion of gases into the soil
and vegetation is neglected.
The amount and composition of atmospheric
particle deposition are influenced by both the
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local sources and factors (local emissions, and
climatic and weather conditions), and by the
distant sources and factors (point sources,
regional emission and deposition leveis, climatic
and weather conditions, and long-range transport
of the pollutants).
The rate of corrosion of building and other
materiais is dependent not only on the tempera
ture, moisture and salt content of the air, but
also on the amount and type of air impurities,
thus bringing the corrosion partly into the cycle
between the air and water quality.
The local activities and street-cleaning practices
determine the amount and composition of
pollutants from sources other than atmosphere,
to be flushed with the runoff. The deposition of
solid wastes, litter, animal faeces, vegetable matter
(as grass cuttings and leaves in the autumn),
emissions of vehicle exhausts directly on the
runoff-generating surfaces, wearing out of car
tires, erosion of road and other surfaces, and
road-salting operations are the principal pollutant
sources in this category.
The field studies of the Finnish Urban Storm
Water Project, performed in seven urban catch
ments, included measurement of the precipitation
(rainfail) and runoff, sampling of the atmospheric
particle deposition and sampling of the runoff
water.
The results and conclusions on the rainfail
runoff relationships have been reported by Mela
nen and Laukkanen (1981), and those on the
particle deposition by Melanen and Tähtelä
(1981). A detailed description of the test catch
ments has been presented by the author (Mela
nen 1980). The results of an emission inventory
of the catchments have been reported by Hokka
nen et al. (1979).
This study deals with the observations of
runoff-water quality and its dependence on catch
ment category, emission and deposition leveis,
and hydrometeorological factors. A preliminary
analysis with restricted data has been done by
Melanen and Laukkanen (1980).
Fig. 1. Simplified scheme of interaction between urban air and runoff systems from viewpoint of pollutant Ioading.
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2. TEST CATCHMENTS
The location of the test catchments is shown in
Fig. 2 and Table 1. The test site of Nekala in
Tampere was excluded from this study because
the observations on the atmospheric particle
deposition were found to be unrepresentative
in that catchment (Melanen and Tähtelä 1981).
Characteristics of the six test sites are presented
in Tabies 1 and 2. Figs. 3 to 8 give a view of the
land-use type, structure of the storm-drainage
networks and placing of the monitoring equip
ments in the catchments. Ali catchments have
separate storm-drainage systems, roughiy 10—15
years old (Tabie 3).
A short description of the catchments follows,
emphasizing the general features of interest
concerning the quality of runoff water. For more
specific characteristics reiated to the rainfali
runoff relationships or particle deposition, the
respective reports (Melanen and Laukkanen 1981,
Melanen and Tähtelä 1981) are referred to.
2.1 Suburban residential catchments
The single-family residential catchment of Pakila
(Fig. 3) is the ieast urbanized one among the test
sites. The catchment is characterized by large
green areas (yards and gardens with piantings)
and it is bounded by similar low-rise deveiopments
in ali directions. There is no industrial activity in
the test site. A motor way (Tuusulantie, 26 000
motor vehicles a day) passes by in cIose proximity
to the catchment on the eastern side. To the
south, another traffic route (Muurimestarintie,
19 000 motor vehicles a day) is iocated within a
distance of 100—300 metres. The surfacing
material of the streets and paved yards is asphalt.
Roofing feit and tile are the principal coating
materials of the roofs. In the winter the streets
are cieared of snow with snowplows. When
needed, snow is transported to snow-dumping
sites outside the catchment. In the winter time
sand and salt are used for de-icing the streets. The
amount of sand in one treatment is approximateiy
100 g m2 yielding a cumuiative amount of 3—
4 kg m2 during the winter. The amount of salt
per treatment is roughiy 1 g m2.
The catchment of Kaukovainio (Fig. 4) is an
exampie of a high-rise residential area with low
population density. The catchment is charac
terized by wide homogeneous green areas with
pine as the prevailing tree species and it is bounded
by a major green area in the south and by low
and high-rise areas in the other directions. There
is no industry in this test site either. A major
traffic route (Neiostie, 5 700 motor vehicles a
day) passes by the catchment at a distance of
half a kiiometre in the west and another route
(Kainuuntie,4 600 motor vehicles a day) in the
southeast within the same distance. The surfacing
materiai of streets and paved yards is asphait.
The most common roof coatings are roofing feit
and galvanized iron. In the winter the handiing
of snow foliows the pattern appiied in Pakila.
Sand is used for de-icing the streets when needed;
yet, salt is used with the sand only to de-ice the
bus stops.
The catchment of Kontula (Fig. 5) is a multi
family residential area with a high population
density. The catchment is bounded by an ex
tensive green area in the west and south and by
a similar residential area in the east and north.
In the test site there is no industry. Three traffic
routes with a high traffic voiume pass by the
catchment within a distance of one kilometre
(E 3 and E 4 routes in the west and riorth with
26 000 motor vehicles a day, and Myliymestarin
ci 100 km 200
Fig. 2. Location of test sites.
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tie in the south with 20 000 motor vehicles a
day). Asphalt is the surfacing material of the
streets and paved yards. The most common roof
coatings are roofing feit and gaivanized iron. The
handiing of snow and de-icing during the winter
period are equai to the practices described in the
case of the Pakila catchment.
2.2 City centre-commercial and traffic
catchments
As to the structure, the test catchment Kajaani
centre (Fig. 6) is heterogeneous, consisting of com
merciai blocks, high-rise blocks, old residential
houses with wooden structures, and an intensive
traffic area. The traffic volume is high because
the main traffic routes going via Kajaani city pass
through the test site. The catchment is bounded
by a similar area type in practicaliy ali directions.
There is no actual industry in the test catchment
itseif. The surfacing material of the streets and
paved yards is asphait. Roofing feit, sheet iron
Table 2. Indices for housing, industrial and traffic
activities in test catchments, derived with method
suggested by Laamanen (1969). 1 low activity, 2 =
medium activity, 3 = high activity (Hokkanen et al.
1979).
mdcx for Catchment
Catchment type based
housing industry traffic on emissions
Pakila 3 1 1 housing
Kaukovainio 2 1 2 housing
Kontula 1 1 2 traffic
Kajaani centre 3 1 3 housing
Hämeenpuisto 1 1 3 traffic
Herttoniemi 1 1 3 traffic
and tile occur as coating materiais for the roofs.
In the winter part of the plowed snow is trans
ported to the snow-dumping sites outside the
catchment. Sand is used for de-icing the streets,
salt is not yet used for de-icing in this test site.
The test catchment of Hämeenpuisto (Fig. 7)
is the most urbanized one among the test sites
under investigation, consisting of high-rise houses
and commerciai biocks. Also in this catchment
there is a substantial traffic volume due to the
main traffic routes of the city centre of Tampere
going through the test site. The catchment is
bounded by small green areas in the north and
south. In other directions the area type is similar.
There is no industry in the catchment itself. Yet,
in the immediate surroundings there are several
industriai establishments. Asphalt is the principai
surfacing material of the streets and paved yards;
yet, on some main streets stone pavement can be
found. Galvanized iron and roofing feit are the
principal roof coatings and approximately 5 %
of the roofs are covered with copper. In the
winter most of the snow falling on the main
streets is transported outside the catchment. The
main streets are effectively de-iced chiefly by salt.
The catchment of Herttoniemi (Fig. 8) con
sists of a stretch of a motor way (Itäväylä, 45 000
motor vehicles a day), part of an underground
railway and a mixed industrial and residential
area. Drainage water of the underground raiiway
flows through the runoff-sampling station of
the test site. The carriage ways of the route total
3.2 hectares (roughly 22 % of the drainage area).
The catchment is bounded by a green area in the
west and by a high-rise residential area in the
north. On the southern and eastern sides a signifi
cant industrial area is located. The surfacing
material of the carriage ways and other paved
passage ways is asphalt. In the winter the carriage
• Table 3. Characteristics of storm-drainage networks of test catchments.
Catchment Construction Pipe material/ Range of pipe Total pipe Distanee from Average
period pipe length diameters Iength remotestpoint of siope
network to runoff of
measurement and net
sampling point worka
mm m m o/oo
Pakila 1968—1970 concrete/2 m 300—600 2 500 870 20
Kaukovainio 1966—1971 concrete/1—2 m 300—600 2 800 1 360 5
Kontula 1965 concrete/1—2 m 300—1 000 1 300 740 9
Kajaani centre 1968—1972 concrete/1 m 300—800 2 200 710 14
Hämeenpuisto 1968—1975 concrete/1—2 m 225—1 000 1 500 710 14
Herttoniemi 19631965b concrete/1—2 mb 760b 10b
a: weighted by pipe-stretch lengths; b: drainage system of underground railway not included
cc
000•0ci)0vci)00000•00cd4.30.0cdQcci:2cd04
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Fig. 4. Kaukovainio catchment. Layout and location of measurement instruments (aerial photo by Finnmap Oy).
Legend as in Fig. 3.
9 1281028201—13
130
Fig. 5. Kontula catchment. Layout and location of measurement instruments (aerial photo by Finnmap Oy). Legend
as in Fig. 3.
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Fig. 6. Kajaani centre catchment. Layout and Iocation of measurement instruments (aerial photo by Finnmap Oy).
Legend as in Fig. 3.
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Fig. 7. Häineenpuisto catchment. Layout and Iocation of measurement instruments. Legend as in Fig 3.
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Fig. 8. Herttoniemi catchment. Layout and Iocation of xneasurement instruments (aerial photo by Finnmap Oy).
Legend as in Fig. 3.
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ways are cleared of snow with snowplows de
pending on the occurrence of snowfall (an aver
age of 40—50 times during the cold period).
Before the melting period, part of the snow stored
on the green areas of the route is transported to
the dumping sites in order to prevent damages
to the growth of grass caused by sand and salt
contained in the snow. In the de-icing of the
carriage ways, roughly 150 g m2 of sand and
1.5—6.0 g m2 of salt are used in one treatment,
yielding cumulative amounts of 15—30 kg m2
of sand and 15 0—1 200 g m2 of salt during the
winter period.
3. QUALITY PARAMETERS STUDIED
In the investigation, a total of 30 physical,
chemical and biological parameters of the runoff
quality were measured (Melanen 1980). This
study deals with the parameters shown in Table
4. Of these, total solids, volatile solids, total
organic carbon, total phosphorus, total nitrogen,
chloride, sulphate, vanadium, zinc, copper, lead,
pH value and conductivity were measured
simultaneously in both atmospheric particle
deposition and runoff water. Another common
component, cadmium, was omitted here because
of concentrations within the detection limit of
analysis in the deposition sampies (Melanen and
Tähtelä 1981).
3.1 Total, volatile and suspended solids
Total solids content comprises the whole amount
of pollutive matter (excluding dissolved gases
and vapours) and reflects the “strength” of a
particular type of waterborne waste (Imhoff et al.
1971). The total solids contentmay be considered
as composed of organic solids (volatile matter) —
measured approximately by volatile solids — on
one hand, and of inorganic solids (non-volatile on
ignition) on the other hand. Also, total solids
may be divided into two groups: that composed
of dissolved matter (including highly dispersed
insoiuble matter in colloidal and semi-colloidal
form) and that composed of suspended matter
—
suspended solids.
Due to this definition there is a wide variety
of sources of solids in urban runoff water.
The atmospheric particle deposition (total
and volatile deposition) has ks impact on the
solids content of runoff. (For discussion on the
characteristics of total and volatile deposition,
see Melanen and Tähtelä 1981). Just to mention
a few other sources of importance, corrosion and
erosion products (sand, eroded road pavement
etc.) of the urban surfaces make the major
contribution to the solids content of urban runoff
water.
Biochemical oxygen demand (7 days)
(mgll 02)
Chemical oxygen demand (dichromate test)
(mg11 02)
Total phosphorus (mg —1 P)
Total nitrogen (mg I N)
Chloride (mg 1—1 Cl)
Sulphate (mg 1—1 S04)
Vanadium (mg —1 v>
Zinc (mg 1—1 Zn)
Copper (mg 1—1 Cu)
Lead (mg —1 Pb)
pH vaiue
Conductivity (mS m)
TS 2 significant numbers
VS asforTS
SS as for TS
TOC 2 significant numbers, 1 mg 1 C when concentration
<10 mgI C
BOD7 2 significant numbers, 1 mg —1 02 when concentration
<10 mgl 02
CODCr 2 significant numbers
tot P 2 significant numbers
tot N as for tot P
Cl 2 significant numbers, 1 significant number when
concentration <1 mg 1 Cl
S04 2 significant numbers
V 2 significant numbers, 1 significant number when
concentration <0.010 mg 1—1 V
Zn analogically as for V
Cu analogically as for V
Pb analogically as for V
pH 1 decimal
2 significant numbers
Table 4. Runoff-quality parameters studied
Quality parameter
Total solids (mg 1)a
Volatile solids (mg1)b
Suspended solids (mg1)c
Total organic carbon (mg l- C)
Symbol
and accuracy used in calculations and results.
Accuracy used
a: total residue; b: loss of weight on ignition; C: non-filtrable residue
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3.2 Total organic carbon, biochemical and
chemical oxygen demand
The total organic carbon, biochemicai oxygen
demand and chemicai oxygen demand provide
an indirect measure of the amount of organic
matter. In the TOC test practically ali of the
carbon in waste is converted to carbon dioxide
and measured. The BOD is an indirect measure
of the total amount of unstabie, readily decom
posable organic matter. The COD tests — di
chromate oxidation test (CODr) in this study —
with a high oxidation capacity give a good estimate
of the organic matter contained, whenever
nutrient-poor wastes or wastes containing growth
inhibiting substances are deait with.
The organic matter deposited from the
air consists, for example, of the particulates
originating from soil and vegetation (poilen
grains, seeds, hydrocarbons converted to depo
siting organic matter etc.), and of the particulates
from anthropogenic (man-made) sources (soot,
tar compounds, hydrocarbons etc.). (For dis
cussion, see Melanen and Tähtelä 1981). As for
the orher than airborne sources of organic matter,
practicaliy ali of the sources mentioned in
Chapter 1 (organic wastes, litter, animai faeces,
vegetable matter, vehicle exhausts, and erosion of
organogenic soii) make a significant contribution
to the organic load of runoff water.
3.3 Total phosphorus
The totai phosphorus content comprises the
organic and inorganic phosphorus compounds in
water, which may be dissoived or attached on the
suspended matter. In regard to Finnish naturai
waters, phosphorus is ofgreat importance because
phosphate is usuaiiy the growth-iimiting nutrient.
Phosphorus compounds are deposited from
the atmosphere having been emitted into the air
with mineral dust and organogenic substances
from the soil, and from vegetation during the
vegetation period. However, some major sources
of the phosphorus in urban runoff water are
from the organic phosphorus compounds of
wastes, such as food residues, animai faeces
etc., and the phosphates used as fertiiizers for
cultivating land in residential areas.
3.4 Total nitrogen
The totai nitrogen content of a water-borne waste
may be composed ofsoluble, insoluble or colloidal
organic compounds, or of soiuble inorganic com
pounds (ammonia, ammonium saits, nitrites and
nitrates), or of eiementary nitrogen. Nitrogen is
one of the three main growth-nutrients, and totai
nitrogen indicates the total amount of nitrogen
which is available in water.
The reactions of nitrogen compounds emitted
into the air are compiex, the sources and reac
tions are discussed briefly in Meianen and Täh
telä (1981). In the urban areas the majority of
nitrogen oxides in the air are emitted by heating
and traffic. it should be emphasized here that
the amount of total nitrogen’s deposition from
the air was found to be highly dependent on the
amount of precipitation (Melanen and Tähtelä
1981). As for the other sources of nitrogen in
runoff water, the proteins from both vegetation
and animai sources are of importance.
3.5 Chloride
Chloride is contributed to the runoff water from
a variety of sources. It is often used as one of the
indicators of water pollution. Chlorides are
emitted to the atmosphere by heating and in
dustriai processes. On the sea coast, sea sprays
form one source of chloride in the air. One of the
sources, other than deposition from the air, is
animal faeces. The major source of chlorides in
urban runoff water under Finnish conditions is,
however, the de-icing salts (NaC1, CaC12) which
aiso have an impact beyond the melting period.
3.6 Sulphate
Also suiphate contained in the urban runoff
water has a number of sources. An important
contribution is from the atmosphere where
the removal of sulphur takes place by several
processes — by rainout and washout (precipi
tation) as sulphate, by diffusion of sulphur
oxides into the soii and vegetation, and by dry
deposition of sulphate particles. Heating and
industrial activities are the main emitters of
sulphur oxides to the urban environment. (For
discussion on the emissions and reactions of the
sulphur — containing compounds in the air, see
Melanen and Tähtelä 1981). Sulphur is contained
in abundance in the soil from where it may be
flushed as sulphate with the runoff. Morover, ail
organogenic substance contains sulphur.
3.7 Heavy metais
The monitoring of heavy metais is of importance
because of their toxic effect on iiving organisms.
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The durability of different species varies a lot and
is moreover dependent on several environmental
factors. Thus the harmful concentrations of
heavy metais presented here are just to give an
idea of their magnitude and wide range.
The main source of vanadium in the air of
urban areas comes from heating with fuel oil,
which produces roughiy half of the vanadium’s
emissions in the urban environment (Statens
Naturvårdsverk 1976). Vanadium is also used in
some industrial processes, in the steel industry
for example. Due to its principal source, vanadium
may be used as one of the indicators of airborne
poliution. Concentrations of about 10—50
mg j1 v have been reported to be lethal for
some fish species (according to Horkeby and
Malmquist 1977).
Zinc is used mainly to deter corrosion (gal
vanized iron as roof coating, for exampie), in
alloys and as a colour pigment. In Sweden
roughly 70 % of the zinc emitted into the air
is estimated to originate from industrial processes
(Statens Naturvårdsverk 1976). A major contri
bution of zinc to the runoff water is, however,
from corrosion. Another source of importance
is the wearing out of automobile tires; in the
United States as much as 5 % of the zinc emitted
into the air was estimated to be due to this
source in the late 1960’s (Statens Naturvårdsverk
1976). In the literature concentrations of the
order of 0.1—2 mg j1 Zn have been reported as
lethai for fishes and 0.2 to >60 mg 1—1 Zn for
other water animais (Liebmann 1960).
Copper is a metal generally used in industry
for eiectrical components, building constructions
and several industrial instruments. The principal
emissions of copper into the air are produced by
industry, the incineration of refuse and the
combustion of anthracite coai and coke. Yet,
corrosion of the copper-covered surfaces usually
is the major source of copper in the urban runoff
water. According to Horkeby and Malmquist
(1977) concentrations of up to 1.0 mg i— Cu
have not proved to be harmful to fishes.
Lead is mainly used in batteries, as a gaso
line additive, in various pipes and sheets and in
cables. In Sweden roughly 55 % of the emissions
of iead into the air were estimated to be from
gasoline-powered vehicles in 1973 (Statens Natur
vårdsverk 1976). In the late 1960’s, practically
ali (99 %) of the lead emitted to the air in
the United States was estimated to originate
from traffic (Statens Naturvårdsverk 1976).
Concerning iead compounds, lethal concen
trations of the order of 0.2—10 mg i Pb for
fishes, and 0.1 to >6 mg 1—1 Pb for other water
animais have been presented by Liebmann (1960).
3.8 pH value
The pH vaiue gives an indication of the content
of acid or alkaline impurities in water. pH is an
important controi factor, the changes of which
may limit the production and decomposition
phenomena in the water. The more pH differs
from neutral (in practice pH 7—8), the fewer
micro-organism species are able to survive.
3.9 Conductivity
Conductivity is a measure of water-soluble salts,
being proportional to the amount of dissolved
ions in the water.
4. METHODOLOGY AND DATA
4.1 Rainfail measurement
During the summer-autumn period, rainfail was
recorded continuaily in each test catchment
by a pluviograph of the Hellmann type (Fig.
9). In the melting period no measurement of
precipitation was performed in the test sites,
instead daily precipitation data of the closest
climatological stations of the Finnish Meteoro
logical Institute (Table 5) were used.
A short description of the rainfali measurement
stations is given in Table 6. The location of the
rain gauges in the catchments is shown in Figs.
3—8. The accuracy of the rainfali measurement
was discussed by Meianen and Laukkanen
(1981); on the average, the measured precipi
tation is estimated to be 10 % smallerthan the
precipitation reaching the ground. The conditions
of shelter may be considered good in the catch
ments of Pakila, Kaukovainio and Hämeenpuisto.
In Kontula the rainfali measurement was exposed
to wind effects more than in the other catchments
(Table 6).
4.2 Runoff measurement
A modification of the Palmer-Bowlus Venturi
fiume for pipes (Fig. 10) was used for runoff
recording in five of the test sites. in the Hertto
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niemi catchment a V-notch weir was adopted
(Fig. 10).
Figures characterizing the runoffmeasurement
systems are given in Table 7. Figs. 3—8 show
location of the runoff measurement stations in
the catchments. The measurement arrangements
(Fig. 11) have been described by Melanen and
Laukkanen (1981). Based on the field calibrations
performed, the accuracy of flow measurement is
estimated to be of the order of ± 5 to ± 15 %,
and ± 5 to ± 10 % as for the peak flows (Melanen
and Laukkanen 1981).
4.3 Runoff sampling and methods of
analysis
Runoff was sampled in each test site in the runoff
measurement station (Figs. 3—8, Fig. 11) by a
Finnish-made automatic sampling device (Fig. 12)
which was located in an instrument shed above
the ground.
The sampling device consists of an automatic
sampier (UFA), a refrigerator containing the
sample collector, and a control and registration
unit (FLO 110). With the control unit the sampier
can be set to take either time-discrete or flow
proportional sampies. The sampling device
operates on reduced pressure created by a pump.
The collector contains 24 botties in which
the sampies are stored. A collector bottle is
automatically changed after a preselected number
of subsamples of a preselected size has been
taken.
In the system, sampling was initiated auto
matically as soon as a pre-determined flow rate
(roughly 2 % of the maximum discharge to be
measured, Table 7) was exceeded. The same level
was used as a limit for stopping the sampling.
In the cross-section, the sampling point was in
the middle of the manhole (Fig. 11), some centi
metres above the pipe bottom to ensure sampling
even during low flows.
Over the 1977—1979 period the sampies
analysed on storm runoff were flow-proportional
composite sampies, one sample representing each
rainfall-runoff event studied. The sampies on
snow-melting runoff represented roughly the
daily runoff; in the melting period of 1978 the
subsamples were taken as time-discrete, in the
spring of 1979 the melting-runoff sampling was
also performed as flow-proportional. Melting
runoff was not sampled in the spring of 1977.
During the investigation, an intercalibration
study was made between the three laboratories
Fig. 10. Pipe Venturi fiume under construction in labora
tory and V-notch weir being installed in drainage net
work of Herttoniemi catchment.
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Table 5. Climatological and synoptic stations of Finnish Meteorological Institute (1980) referred in study.
. Coordinates Altitude from DjstanceStation
latitude longitude sea level
m km
Helsinki, Kaisaniemi 60°10’N 24°57’E +4 5 from Herttoniemi
8 from Pakila
Helsinki, Malmi, Airport 60015’N 25°03’E +17 6 from Herttoniemi
2 from Kontula
Helsinki, Airport/Vantaa 60°19’N 24°58’E +53 8 from Pakila
Tampere, Airport 61°28’N 23°44’E -f85 3 from Hämeenpuisto
Oulu, Koskikeskus 65°01’N 25°29’E +5 3 from Kaukovainio
Kajaani, Airport/Kajaanin mlk 64°17’N 27°41’E +134 8 from Kajaani centre
Table 6. Figures characterizing rainfall-measurement and deposition-sampling stations of test catchments.
Rainfali measurement Deposition samplingCatchment
altitude of average exposure gauge altitude of distance be
rain gauge figure of gauge ground level in tween gauges
sampling point 1 and 2
m % m m m
Pakila +26 40 1 +27 +25 200
2 +27 +25
Kaukovainio +16 35 1 +22 +15 400
2 +21 +16
Kontula +43 70 1 +47 +41 400
2 +45 +41
Kajaani centre +142 45 1 +150 +142 350
2 +153 +146
Hameenpuisto +101 35 1 +105 +99 500
2 +98 +93
Herttoniemi +14 50 1 +15 +13 3
2 +15 +13
a: determined as mean of eight quarters; fully sheltered (forest) = 0 %, sheltered (trees, bushes etc.) = 25 %, partly
sheltered (buildings, Iow trees etc.) = 50 %, unsheltered = 100 %
Table 7. Figures characterizing runoff-measurement systems of test catchments.
Catchment Flow meter Pipe diameter Dimeisioning of flow meter
in measurement bottom width angle of mcli- maximum flow water stage
30iflt of Venturi nation of rate to be at maxjmum
flume Venturi-fiume walls measured flow rate
mm mm in degrees 1 s mm
Pakila pipe Venturi 500 100 54.4 210 540
Kaukovainio pipe Venturi 600 120 54.4 320 630
Kontula pipe Venturi 1 000 200 54.4 1 000a 970
Kajaani centre pipe Venturi 800 160 54.4 650 840
Hämeenpuisto pipe Venturi 1 000 200 54.4 1 000 970
Herttoniemi V-notch weir 1 400 V-notch weir (90) 750 750
a: 8001 s1 since June 19, 1979
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Fig. 11. Schematic illustration of runoff measurement
and sampling arrangements.
performing the analyses. Standard methods of
analysis (Appendix 1) have been used. The
following precision is estimated for various
laboratory analyses:
total solids ± 10 %
volatile solids ± 10 %
suspended solids ± 10 %
total organic carbon ± 10 %
biochemical oxygen demand ± 20 %
chemical oxygen demand ± 15 %
total phosphorus ± 10 %
total nitrogen ± 15 %
chloride ± 10%
sulphate ± 10 %
vanadium ± 20 %
zinc ±10%
copper ± 20 %
lead ±10%
pHvalue ±0.1
conductivity ± 5 %
Fig. 12. Runoff sampling device (SAM 120). Jncludes
central unit of flow measurenient (FLO 110).
4.4 Emission data
In 1978 an emission inventory was performed at
the test sites to provide data for the analysis of
observed particle deposition and runoff-water
quality. The emission data were originally
presented by Hokkanen et al. (1979) and they
were applied in modelling the deposition (Me
lanen and Tähtelä 1981).
In the inventory, average emission rates were
computed in the catchments and in their sur
roundings — in local background (area with a
radius of one kilometre from the centre of
catchment). Moreover, a measure was derived
for the effects of distant point sources.
As to the principles and techniques of the
emission inventory, the report by Melanen
and Tähtelä (1981) is referred to. The accuracy
of data is evaluated to be adequate to separate
different emission leveis, when they exist.
•j
250
A-A
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Table 8. Average rates of emission of studied parameters in test catchments and their local backgrounds (Hokkanen
et al. 1979). c refers to emission in test catchment, lb refers to emission in local background.
Emission rate (kg ha1 al) ofparameter
Catchment .
particulates hydrocarbons oxidesofnitrogen oxidesofsulphur vanadium Iead
Epart,c Epart,lb EHcc EH,,1b ENo,c ENo,1b ESOx,c ESQ,1b EV,c EV,lb Epb,c Epb,Ib
Pakila 220 160 92 400 190 660 300 280 1.0 0.66 0.58 2.9
Kaukovainio 53 26 220 180 170 270 70 120 0.18 0.32 0.84 1.3
Kontula 5.8 9.4 86 150 160 250 24 39 0.00 0.00 0.86 1.2
Kajaani centre 200 100 670 360 1 200 960 1 000 2 800 3.5 0.40 5.0 1.5
Hämeenpuisto 120 300 1 600 630 2 500 3 900 400 13 000 0.00 13 11 3.4
Herttoniemi 180 70 2 500 1 400 3 800 670 620 1 700 0.00 2.9 18 1.2
The average rates ofemission of the parameters
used in this study are given in Table 8.
4.5 Deposition data
In each test site, aerial particle deposition was
measured by two deposition gauges (Fig. 13)
applying the Finnish standard to measurement
of particulate fallout (Suomen Standardisoimis
liitto 1978). The location of the gauges in the
catchments is shown in Figs. 3—8 and Table 6.
The deposition sampies were collected on a
monthly basis. The sampling is influenced by a
great variety of factors, therefore it is impossible
to give any general evaluation on the precision
of the sampling method. Yet, on the basis of
observations it was concluded (Melanen and
Tähtelä 1981), that on a monthly basis the
accuracy of the measured deposition is of the
order of ± 50 %, and that the observations are
adequate to give the magnitude of the various
component depositions and to distinguish the
different leveis.
The average rates of deposition of the various
components used in this study are given in
Table 9.
4.6 Analysis of catchment characteristics
and hydrometeorological data
Catchment characteristics (Tables 1 and 3) were
determined from the statistics and maps delivered
Fig 13. Deposition gauges of NILU type located in Herttoniemi catchment (other instruments: rain gauge, wet and
dry deposition sampier, instrument shed for thermograph and hygrograph).
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Table 9. Average rates of atmospheric deposition in test catchments. Medians observed over 1977—1979 period (Mela
nen and Tähtelä 1981).
. .
.
Rate of deposition in catchment
Deposition Unit
parameter Pakila Kauko- Kontula Kajaani Hämeen- Hertto
vainio centre puisto niemi
Total deposition mgm2in 30 days 2 090 1 180 2 340 2 850 2 800 2 860
Dt0t
Volatile deposition mg m2 in 30 days 930 690 800 880 1 210 1 360
D*
vol
Total organic carbon mg m2 C in 30 days 213 96 200 136 150 267
Doc
Total phosphorus mgm2P in 30 days 3.0 2.1 2.4 2.6 2.6 2.3
*
tot P
Total nitrogen mg m2 N in 30 days 62 47 69 38 63 56
*
tot N
Chloride mgm2Cl in 30 days 45 12 43 18 35 45
Dj
Sulphate mgm2S04 in 3odays 364 218 475 516 460 588
D04
Vanadium mgm2V in 30 days 0.21 0.19 0.27 0.51 0.96 0.43
D
Zjnc mgm2Zn in 30 days 1.12 1.11 1.67 1.88 2.28 4.15
Copper mg m2 Cu in 30 days 0.39 0.85 0.39 1.16 0.57 0.45
Du
Lead mgm2Pbin 3odays 1.03 0.79 1.43 1.92 4.46 2.07
Db
pH value 4.3 4.4 4.1 4.6 4.1 4.0
*DpH
Conductivity mS m 3.9 3.8 4.5 6.4 6.1 6.7
D*y25
by the municipalities, and by careful field
surveys. The accuracy of the drainage-area
determination is estimated to be roughly ± 0.5 ha,
or ± 1 to ± 5 % of the measured areas (Melanen
and Laukkanen 1981).
For the sampled rainfall-runoff events, the
runoff volume, rainfail characteristics and length
of the preceding dry period (Fig. 14) were
determined manually from the charts of flow
meter and rain gauge. The following accuracy
was used in analysis and computations: runoff
and rainfail volume 0.1 mm, rainfail duration
5 min, maximum (five-minute) rainfail intensity
0.1 mm h—1, and preceding dry period 1 h. Data
of the daily temperature were taken from the
nearest climatological and synoptic stations
of the Finnish Meteorological Institute (1980)
as follows (Table 5):
Pakila mean of data in Helsinki, Kaisa-
niemi and in Helsinki, Airport/
Vantaa
Kaukovainio data in Oulu, Koskikeskus
Kontula data in Helsinki, Malmi, Airport
Kajaani data in Kajaani, Airport/Kajaanin
centre mlk
Hämeenpuisto data in Tampere, Airport
Herttoniemi mean of data in Helsinki, Kaisa-
niemi and in Helsinki, Malmi,
Airport
The accuracy of temperature measurement
is ± 0.1 °C.
The daily data of precipitation in the niefting
periods of 1978 and 1979 were also taken from
the climatological stations given above.
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Preceding rainfail—
ruroff event
Runoff event sampled
Time
Q runoff volume (mm)
R rainfali volume (mm)
tR rainfali duration (min)
max maximum rainfali intensity (mm h—1)
td preceding dry period (h)
R volume of preceding rainfali event (mm)
max,p maximum intensity of preceding rainfali event
(mm h1)
Fig. 14. Schematic illustration of hydrometeorological variabies in connection with sampled storm-runoff events.
4.7 Statistical methods and computation
techniques
The logic and methods used in the statistical
analysis are shown in Table 10. The theory and
description of the methods can be found for
example in Afifi and Azen (1972), Draper and
Smith (1966), Malik and Mullen (1973), Owen
(1962), Walsh (1965), and Verdooren (1963).
In the tests of the hypothesis on normal
distribution of the variabies by the Kolmogorov
Smirnov test, two-sided testing was applied and
the conclusions on nuil hypothesis were drawn
at the significance level of 95 %.
In the case of two normal populations, the
variance ratio test was used in the test of the
hypothesis on equal variance. Conclusions were
drawn at the 95 % significance level based on
two-sided testing. The Bartlett’s test, based on
a chi-square distributed test statistic, was used
to test the equality of variances when more than
two normal populations were studied. Again, the
conclusions were drawn at the 95 % level.
td te
—fJ
Roinfati
0
0
0
Runoff
Legend:
F Time
7’i.
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Table 10. Statistical procedures used.
Task Method
1 Test of hypothesis on normal distribution of variables Kolmogorov-Smirnov test
II Tests on normally distributed variabies:
test of significance of coefficient of correlation
test of hypothesis on equal variances of populations
test of hypothesis on equal means of populations
III Tests on non-normally distributed variabies:
test of hypothesis on identical locations of
populations
IV Regression analysis
Student’s t test
variance ratio test (when number of populations = 2)
Bartlett’s test (when number of populations >2)
Student’s t test (when number of populations = 2 and
variances are equal)
Welch’s approximation (when number of populations = 2
and variances are unequal)
one-way analysis of variance (when number of populations
>2 and variances are equal)
Kruskal-WaIlis test (when number of populations >2 and
variances are unequal)
Wilcoxon’s rank-sum test (when number of populations = 2)
Kruskal-WaIlis test (when number of populations>2)
stepwise multiple regression
In the case of two normal populations and
equaI variances, the hypothesis on equal means
was tested by the Student’s t statistic. The
Welch’s approximation method was appiied in
the case of unequal variances. In both tests the
conclusions on nuli hypothesis were drawn by
two-sided testing at 95 % significance level. The
one-way analysis of variance was applied at the
95 % significance level to test the hypothesis on
equal means in the case of more than two normal
populations with equal variances. In the case
of more than two populations with unequai
variances, the Kruskal -Wallis test, based on an
approximately chi-square distributed test statistic,
was used at 95 % level. The Kruskal -Waliis
test
—
which is a rank-sum test (actually a gener
alization of the Wilcoxon’s rank-sum test for more
than two sampies)
— is a non-parametric counter
part of the one-way analysis of variance, used to
test the hypothesis that the studied independent
sampies are from the same population.
In the case of two populations and non
normaily distributed variabies, the Wilcoxon’s
rank-sum test was applied to test the hypothesis
that the two sampies come from populations
with the same distribution. In this method the
two sampies are combined, and the hypothesis
is tested that the combined set is a random
sample. In the case of ties in the observations,
randomization is used to break ties; each set of
tied observations is randomly assigned in such
a manner that ali possible orders are equaily
likely. In the case of ties, two values of the test
statistic are computed, one with the ties handled
so that the value of statistic is as smali as possible,
and the other with ties handled so that the value
of statistic is as large as possibie. Consequently,
in the Tabies of Chapter 6 two significance leveis
have been given for rejection of the nuil hy
pothesis; the true significance level lies within
their bounds. The Wilcoxon test was applied as
two-sided. In the case of more than two popu
lations and non-normally distributed variables,
the Kruskal -Wallis test was used at the 95 %
significance level.
The stepwise multiple regression technique
was appiied in modeliing the dependent runoff
quaiity parameters by the expianatory variabies.
The derived modeis fuifili the foiiowing require
ments: (1) F statistic of the regression equation
equals at least the 95 % point of the F distribution,
and (2) t statistics of the individual regression
coefficients are significant at ieast at 95 % ievei
in two-sided testing. The residuals were plotted
graphicaily against the observed vaiues of depen
dent variabies to examine adequacy of the
regression equations derived. No missing ob
servations were allowed in the correiation and
regression analysis.
The simplest test statistics were programmed
on the desk calculator HP 97, and the others on
.the UNIVAC 1108 computer by utilizing the
144
IMSL (International Mathematical & Statistical
Libraries, mc.) subroutines. The statistical
program package HYLPS was used in the cor
relation and regression analysis. The computer
runs were performed in the Computing Centre
of the Helsinki University of Technology.
5. HYDROMETEOROLOGICAL CON
DITIONS OVER TEST PERIOD
The hydrometeorological conditions in the years
1977—1979 were analysed in detail in the reports
dealing with the rainfall-runoff relationships
and particle deposition (Melanen and Laukkanen
1981, Melanen and Tähtelä 1981), to which a
reference is made here for more details.
5.1 Annual precipitation and
air temperature
In 1977 the annual precipitation was generally
higher, and in 1978 lower than the long-term
average (Table 11). The precipitation of 1979
was near normal, being in some climatological
stations slightly lower, and in some slightly
higher than the long-term average. The annual
air temperature in 1977 and 1978 was lower
than on the average, but close to normal in 1979.
5.2 Seasonal precipitation and
air temperature
Like the studied rainfall-runoff events (Melanen
and Laukkanen 1981), the sampled storm-runoff
events date from the period May-November in
the test sites of Helsinki and Tampere, and from
the period June-October in the catchments of
Oulu and Kajaani.
The precipitation over the stormrunoff
sampling period was generally higher than the
long-term average in 1977 and 1979 (Table 12).
Table 11. Measured annual precipitation and mean air temperature in studied climatological and synoptic stations in
years 1977—1979 and long-term averages (Finnish Meteorological Institute 1980, Helimäki 1967, Kolkki 1966,
Heino 1976).
. Precipitation (mm) and mean air temperature (°C) in year
Station
1977 1978 1979 1931—1960 1961—1975
average average
mm 0 mm mm °C mm °C mm
Helsinki, Kaisaniemi 785 4.6 605 3.9 618 4.7 647 54a 548 5.4
Helsinki, Malmi, Airport 798 4.0 575 3.3 689 4.3 •b 44 637 4.7
Helsinki, Airport/Vantaa 758 4.0 475 3.2 586 4.2 - - 624 4.7
Tampere, Airport 612 3.5 476 3.0 542 3.8 - 38d 508 4.0
Oulu, Koskikeskus 517 1.6 375 1.1 557 2.5 514e - 516 2.2
Kajaani, Airport/Kajaanin mlk 614 1.2 376 —0.2 591 1.5 - - 533 1.6
a: Helsinki, Vuorikatu; b: not available; C: 24 observation years; d: 13 observation years; e: Oulu, Kaupunki
Table 12. Measured precipitation and mean air temperature during (extended) vegetation period in studied clima
tological and synoptic stations in years 1977—1979 and long-term averages (Finnish Meteorological Institute 1980,
Helimäki 1967, Kolkki 1966, Heino 1976).
.
. Precipitation (mm) and mean air temperature (°C) during period in yearStation Period
1977 1978 1979 1931—1960 1961—1975
average average
mm nmi mm 0 mm 0 mm 0
Helsinki, Kaisaniemi May-November 500 10.2 467 10.4 423 10.6 410 111a 362 11.0
Helsinki, Malmi, Airport May-November 525 9.8 448 10.0 477 10.4 •b 10.2C 421 10.4
Helsinki, Airport/Vantaa May-November 539 9.7 378 9.8 433 10.4 - - 425 10.4
Tampere, Airport May-November 445 9.4 383 10.2 427 10.0 - 98d 364 9.8
Oulu, Koskikeskus June-October 227 9.0 234 10.1 344 11.3 287e - 276 10.9
Kajaani, Airport/Kajaanin mlk June-October 364 9.4 239 9.4 378 10.3 - - 316 10.6
a: Helsinki, Vuorikatu; b: not available; c: 24 observation years; d: 13 observation years; e: Oulu, Kaupunki
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Table 13. Measured precipitation and mean air temperature during cold and melting period in studied clirnatological
and synoptic stations in years 1977—1979 and long-term averages (Finnish Meteorological Institute 1980, Helimäki
1967, Kolkki 1966, Heino 1976).
.
. Precipitation (mm) and mean sir temperature (0C) during period inStation Period
1977/1978 1978/1979 1931—1960 1961—1975
average average
mm °C mm 0 mm °C mm
Helsinki, Kaisaniemi December-April 178
—3.5 163 —5.3 237 27a 186 —2.5
Helsinki,Malmi,Airport December-April 161
—4.2 179 —6.2 •b •38C 215 —3.4
Helsinki, Airport/Vantaa December-April 116
—4.3 125 —6.2
-
- 199 —3.5
Tampere,Airport December-April 104
—5.6 108 —6.6 - 45d 145 —4.4
Oulu, Koskikeskus November-May 148 —4.1 208 —5.4 227e
- 241
—4.1
Kajaani, Airport/Kajaanin mlk November-May 138
—5.8 203 —6.6
-
- 217 —5.0
a: Helsinki, Vuorikatu; b: not available; C: 24 observation years; d: 13 observation years; e: Oulu, Kaupunki
In 1978 the precipitation over the period was
nearly normal in the Helsinki and Tampere
regions, but lower than the long-term average in
the Oulu and Kajaani regions. The air temperature
over the test period in 1977 was slightly lower
than on the average, but nearly normal in the
years 1978 and 1979.
Both in the hydrological year of 1977/1978
and 1978/1979 the precipitation during the cold
and melting period was less than the long-term
average (Table 13). Also, the mean air temperature
over the period was slightly lower than on the
average.
D
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6. RESULTS AND DISCUSSION
6.1 Specifications
A sampled rainfall-runoff event was defined
analogically a.s the event in the analysis ofrainfall
runoff relationships (Melanen and Laukkanen
1981) (Fig. 14). The sampled melting runoff
represented approximately the daily runoff. Base
-flow occurring occasionally in the drainage net
works was included in the sampled runoff.
The principle of determining computational
particle-deposition rates during the storm-runoff
sampling days is shown in Fig. 15.
Legend:
Dy_ average deposition rate of parameter Y during
month i—1 [mgm2in 30 days]
Dy average deposition rate of parameter Y during
monthi [mgmin3odaysj
Dy computational deposition rate of parameter Y
during day x since mid of month i— 1
[mgm2i 3odays]
+ (Dy—Dy1)
Fig. 15. Principle of determining computational depo
sition rates during storm-runoff sampling days (used in
regression models of type 1 shown in Table 36).
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6.2 Variable distributions and magnitude
of variance
6.21 Variabies in connection with storm-runoff
sampling
The key properties of the distributions of storm
runoff quality parameters are given in Table 14
(ali observations gathered) and Table 15 (ob
servations in regression analysis). In the case of
ali observations gathered, the hypothesis on
normal distribution has to be rejected at the
95 % significance level in at least three of the six
test sites for the total and suspended soiids, total
phosphorus and iead. In the case of combined ob
servations, the hypothesis on normai distribution
has to be rejected for ali quaiity parameters. The
distributions of the parameters are in general
skewed to the right. The variance is wide; in the
case of combined observations the standard
deviations are of the order of 75—100 % of the
arithmetic means.
Properties of the distributions of the hydro
meteoroiogicai variabies, analysed in connection
with the storm-runoff sampiing, are given in
Table 16 (observations in regression analysis).
In at ieast haif of the test sites, the hypothesis
on normai distribution has to be rejected for the
maximum rainfali intensity, preceding dry
period, and maximum intensity of the preceding
rainfail event at the 95 % significance ievei. In
the case of combined observations, the hypothesis
on normality is rejected for ail variabies. Respect
ively, the distributions are skewed to the right,
the standard deviations being of the order of
100 % of the arithmetic means in the case of
combined observations.
Properties of the distributions of the deposition
parameters in connection with the storm-runoff
sampiing are presented in Table 17 (computational
daily rates in regression anaiysis, Fig. 15). In at
ieast half of the test sites, the hypothesis on
normal distribution is rejected for the totai and
volatiie deposition, and for the pH value and con
ductivity of precipitation (deposition samples).
In the case of combined observations, the hy
pothesis on normai distribution has to be rejected
for ali deposition parameters. Again, the variance
of variabies is wide, the standard deviations being
of the order of 50—100 % of the arithmetic
means in the case of combined observations.
6.22 Variabies in connection with meltmg-runoff
sampiing
The detailed results concerning the quaiity of
snow-melting runoff, monitored in the catch
ments in the springs of 1978 and 1979, have
been reported by Laiho (1980).
A wide variance is typical to the quality
parameters in the meiting-runoff water as well.
The weighted averages of the parameters are
presented in Table 18. Respectively, a wide
variance is characteristic to the hydrometeoro
logical variabies in connection with the melting
runoff events (Tabie 19).
6.3 Representativeness of observations
The percentages of the sampled storm-runoff
events (ail observations gathered) in various test
catchments during the test years are distributed
as follows:
1977 1978 1979 1977—1979
Pakjia 26 46 28 100
Kaukovainio 5 45 50 100
Kontula 30 39 31 100
Kajaani centre 10 65 25 100
Hämeenpuisto 2 48 50 100
Herttoniemi 11 55 34 100
The majority of the events thus date from the
two-year period 1978—1979. In the test sites
Pakiia and Kontuia the observations represent
the three-year period 1977—1979. As a whole,
one may conciude that the storm-runoffsampiing
period represents hydrometeoroiogical conditions
near normal as to precipitation and air tempera
ture (Tabie 12). In the catchments of Helsinki
the precipitation over the entire test period is
siightly higher than the average. In ali, the
precipitation during the test period is within a
range from —2 to +15 % of the iong-term average.
The highest maximum intensities (five-minute
intensities) of the rainfall events in the anaiysis
(Table 16) represent approximate return periods
of 1 to 2 years on the basis of the evaluation
performed in the report deaiing with the rainfall
runoff reiationships (Melanen and Laukkanen
1981).
The percentage distribution of the sampled
meiting-runoff events during the test years is
foilowing:
1978 1979 1978—1979
Pakila 56 44 100
Kaukovainio 38 62 100
Kontula 57 43 100
Kajaani centre 61 39 100
Hämeenpuisto 78 22 100
Herttoniemi 67 33 100
Pa
ki
la
26
67
15
0
11
00
22
0
23
0
24
0
0.
28
6
26
13
43
25
0
61
65
57
0.
24
3
55
12
K
au
ko
va
in
io
39
57
13
0
87
0
16
0
18
0
14
0
0.
21
5
39
27
61
22
0
67
72
41
0.
20
8
31
17
K
on
tu
la
16
48
17
0
57
0
21
0
22
0
15
0
0.
19
4
17
12
51
12
0
55
60
30
0.
15
1
52
21
K
aja
an
ice
nt
re
19
96
26
0
81
0
34
0
35
0
23
0
0.
22
8
19
32
75
18
0
86
86
44
0.
21
4
19
49
H
äm
ee
np
ui
st
o
36
18
0
32
0
1
50
0
38
0
46
0
33
0
7
23
50
90
40
0
97
11
0
76
0.
21
6
62
26
H
er
tto
ni
em
j
13
10
0
44
0
1
20
0
48
0
53
0
29
0
0.
22
4
13
34
11
0
21
0
11
0
13
0
55
0.
16
2
43
25
A
li
c
a
tc
hm
en
ts
14
9
48
23
0
1
50
0
-
31
0
27
0
0.
18
2
13
7
12
70
40
0
-
83
56
0.
16
2
26
2
12
16
0
1
50
0
a:
c
ri
tic
al
v
a
lu
es
o
f
K
oi
m
og
or
ov
-S
m
ir
no
v
te
st
s
ta
ti
st
ic
:
n
=
5
10
20
30
40
50
60
70
10
0
15
0
20
0
25
0
30
0
=
0.
56
3
0.
40
9
0.
29
4
0.
24
2
0.
21
0
0.
18
8
0.
17
2
0.
16
0
0.
13
4
0.
11
0.
10
0.
09
0.
08
T
ab
le
14
.C
on
tin
ue
d.
V
al
ue
s
o
fs
ta
tis
tic
s
C
at
ch
m
en
t
to
ta
l
o
rg
an
ic
c
a
rb
on
bi
oc
he
m
ic
al
o
x
yg
en
de
m
an
d
c
he
m
ic
al
o
x
yg
en
de
m
an
d
TO
C
B
O
D
7
C
O
D
C
r
m
g
i
1C
m
g
i
1O
m
g
1
lO
n
m
in
m
m
a
x
s
D
n
m
in
m
m
a
x
s
D
n
m
in
m
m
a
x
s
D
0
Pa
ki
la
26
<
2
8
47
12
11
10
0.
23
2
56
15
84
30
0
93
99
70
0.
15
1
K
au
ko
va
in
io
21
4
8
39
11
12
8
0.
21
9
20
4
9
59
14
15
15
0.
25
8
19
41
12
0
28
0
12
0
13
0
65
0.
12
2
K
on
tu
ia
0
17
<
2
7
48
9
11
11
0.
26
4
55
24
90
51
0
95
12
0
97
0.
17
2
K
aja
an
ic
e
n
tr
e
5
4
5
18
8
8
6
0.
30
3
15
3
8
50
9
12
11
0.
32
5
13
77
11
0
25
0
12
0
13
0
50
0.
25
9
H
äm
ee
np
ui
st
o
4
14
25
15
0
28
51
66
0.
40
3
35
6
18
13
0
28
31
26
0.
20
9
63
23
14
0
56
0
14
0
17
0
11
0
0.
14
3
H
er
tto
ni
em
i
0
12
12
17
40
18
20
8
0.
23
6
42
50
20
0
62
0
20
0
22
0
11
0
0.
14
5
T
ab
ie
14
.
Pr
op
er
tie
s
o
f
di
st
ri
bu
tio
ns
o
f
st
o
rm
-r
u
n
o
ff
qu
ai
ity
pa
ra
m
et
er
s.
A
li
o
bs
er
va
tio
ns
ga
th
er
ed
.
n
=
n
u
m
be
r
o
f
o
bs
er
va
tio
ns
,
m
in
=
m
in
im
um
v
a
lu
e,
m
=
m
e
di
an
v
a
iu
e,
m
a
x
=
m
a
x
im
um
v
a
lu
e,
5w
=
w
e
ig
ht
ed
m
e
a
n
(w
eig
ht
ed
by
sa
m
pl
ed
ru
n
o
ff
v
o
lu
m
es
),
=
a
ri
th
m
et
ic
m
e
a
n
,
s
=
st
an
da
rd
de
vi
at
io
n,
D
=
K
oi
m
og
or
ov
-S
m
ir
no
v
te
st
st
at
is
tic
.
V
al
ue
o
f
D
u
n
de
ri
in
ed
sh
ow
s
th
at
hy
po
th
es
is
o
n
n
o
rm
a
l
di
st
ri
bu
tio
n
o
f
v
a
ria
bi
e
ha
s
to
be
re
jec
ted
a
t
95
%
si
gn
if
ic
an
ce
le
ve
li
n
tw
o-
si
de
d
te
st
in
g
V
al
ue
s
o
f
st
at
is
tic
s
C
at
ch
m
en
t
to
ta
l
so
lid
s
v
o
la
til
e
so
lid
s
su
sp
en
de
d
so
iid
s
TS
V
S
SS
m
g
l
m
g
i
1
m
g
i
1
n
m
in
m
m
a
x
s
D
n
m
in
m
m
a
x
s
D
n
m
in
m
m
a
x
s
D
91
10
00
20
0
18
0
23
0
0.
25
2
81
35
0
89
95
69
0.
15
4
14
0
1
50
0
17
0
24
0
29
0
0.
22
9
22
0
63
0
23
0
24
0
16
0
0.
17
6
23
0
1
50
0
27
0
30
0
26
0
0.
20
5
24
0
1
30
0
28
0
31
0
28
0
0.
17
4
24
0
25
0
0.
18
8
A
li
c
a
tc
hm
en
ts
30
4
10
15
0
-
17
26
0.
31
6
12
5
<
2
12
13
0
-
18
18
0.
24
2
24
8
15
12
0
62
0
-
15
0
10
0
0.
13
1
T
ab
le
14
.C
on
tin
ue
d.
27
2.
9
9.
2
24
8.
4
9.
7
5.
4
0.
12
2
26
<
0.
00
5
0.
01
0
0.
02
5
0.
01
0
0.
01
0
40
4.
3
12
37
11
13
7.
8
0.
18
2
41
<
0.
00
5
0.
01
2
0.
05
5
0.
01
5
0.
01
4
21
2.
4
5.
2
14
5.
1
6.
0
3.
4
0.
16
0
19
<0
.0
05
0.
00
7
0.
05
3
0.
01
1
0.
01
1
18
2.
1
7.
0
18
7.
4
8.
1
4.
6
0.
17
6
18
0.
00
6
0.
01
7
0.
03
8
0.
02
0
0.
01
8
35
7.
4
14
55
13
16
9.
6
0.
17
2
34
0.
01
3
0.
02
4
0.
15
0.
03
0
0.
03
6
14
8.
5
16
26
16
17
4.
8
0.
13
9
14
0.
00
9
0.
02
0
0.
04
7
0.
02
2
0.
02
4
0.
00
5
0.
13
5
13
0.
05
3
0.
14
0.
43
0.
14
0.
14
0.
09
8
0.
22
4
0.
01
1
0.
20
1
39
0.
20
0.
35
0.
83
0.
34
0.
38
0.
14
0.
17
8
0.
01
2
0.
25
5
4
0.
03
9
0.
43
0.
75
0.
35
0.
41
0.
29
0.
27
4
0.
00
9
0.
20
1
16
0.
17
0.
29
0.
80
0.
29
0.
33
0.
17
0.
17
2
0.
03
1
0.
22
7
36
0.
19
0.
45
1.
8
0.
45
0.
54
0.
35
0.
18
7
0.
01
3
0.
26
8
10
0.
08
0
0.
38
0.
59
0.
29
0.
35
0.
14
0.
14
2
V
al
ue
s
o
f
st
at
is
tic
s
C
at
ch
m
en
t
to
ta
l
ph
os
ph
or
us
to
ta
l
n
itr
og
en
c
hi
or
id
e
to
tP
to
tN
Cl
m
g
ll
P
m
g
Il
N
m
g
ll
C
l
n
m
in
m
m
a
x
3w
5
s
D
n
m
in
m
m
a
x
s
D
n
m
in
m
m
a
x
ii
s
D
Pa
ki
la
57
0.
03
9
0.
17
1.
2
0.
25
0.
24
0.
21
0.
22
5
43
0.
35
1.
5
4.
5
1.
6
1.
7
0.
95
0.
15
1
27
0.
6
2.
2
5.
5
2.
1
2.
3
1.
2
0.
19
5
K
au
ko
va
in
io
40
0.
01
9
0.
20
1.
1
0.
27
0.
29
0.
23
0.
22
2
41
0.
77
1.
6
6.
2
1.
7
2.
0
1.
3
0.
23
2
38
1.
2
2.
6
8.
1
2.
5
3.
1
1.
6
0.
15
6
K
on
m
ia
55
0.
08
6
0.
21
1.
6
0.
27
0.
31
0.
27
Q2
Q2
38
0.
40
1.
3
3.
0
1.
2
1.
4
0.
66
0.
11
3
21
0.
4
1.
1
3.
5
1.
1
1.
3
0.
8
0.
18
4
K
aja
an
ic
e
n
tr
e
19
0.
07
8
0.
24
0.
76
0.
30
0.
32
0.
19
0.
19
1
19
0.
17
1.
1
4.
1
1.
1
1.
3
0.
93
0.
30
0
19
1.
1
3.
3
12
3.
5
3.
8
3.
1
0.
23
4
H
äm
ee
np
ui
st
o
61
0.
12
0.
40
2.
3
0.
43
0.
48
0.
36
0.
.1
82
.
61
0.
57
1.
8
10
2.
2
2.
2
1.
5
Q
Jj
28
2.
9
13
39
11
14
9.
2
0.
16
7
H
er
tto
ni
em
i
44
0.
08
7
0.
30
1.
2
0.
33
0.
37
0.
25
0.
15
9
29
0.
50
1.
8
5.
8
2.
1
2.
2
1.
1
0.
17
7
14
3.
6
7.
5
15
7.
6
7.
8
2.
7
0.
21
3
A
li
e
a
tc
hm
en
ts
27
6
0.
01
9
0.
26
2.
3
-
0.
34
0.
28
0.
15
6
23
1
0.
17
1.
5
10
-
1.
9
1.
2
0.
16
5
14
7
0.
4
3.
0
39
-
5.
4
6.
3
0.
21
6
T
ab
le
14
.C
on
tin
ue
d.
V
al
ue
s
o
f
st
at
is
tic
s
C
at
ch
m
en
t
su
lp
ha
te
v
a
n
a
di
um
z
in
c
S
0
4
V
Zn
m
g
l
1S
0
4
m
g
ll
V
m
g
l
1Z
n
n
r
n
in
m
m
a
x
w
ic
s
D
n
m
in
m
m
a
x
s
D
n
m
in
m
m
a
x
s
D
Pa
ki
la
K
au
ko
va
in
io
K
on
tu
la
K
aja
an
ic
e
n
tr
e
H
äm
ee
np
ui
st
o
H
er
tto
ni
em
i
A
li
c
a
tc
hm
en
ts
15
5
2.
1
11
55
-
12
7.
8
0.
13
6
15
2<
0.
00
5
0.
01
4
0.
15
0.
01
9
0.
01
9
0.
23
1
11
8
0.
03
9
0.
36
1.
8
0.
39
0.
26
0.
16
5
5.
6
14
5.
5
2.
6
0.
13
7
6.
9
16
6.
1
3.
2
0.
10
3
3.
4
7.
1
3.
3
1.
5
0.
17
9
5.
4
15
5.
6
3.
2
0.
22
0
12
50
10
8.
4
0.
14
8
11
19
12
2.
7
0.
23
2
7.
2
50
-
9.
1
6.
5
0.
14
6
T
ab
ie
14
.C
on
tin
ue
d.
V
al
ue
s
o
f s
ta
tis
tic
s
C
at
ch
m
en
t
c
o
pp
er
le
ad
pH
v
a
lu
e
C
u
Pb
pH
m
g
lC
u
m
g
lP
b
n
m
in
I-n
m
a
x
s
D
n
m
in
m
m
a
x
s
D
n
m
in
m
m
a
x
s
D
Pa
ki
la
13
0.
01
2
0.
02
6
0.
14
0.
04
0
0.
03
7
0.
03
3
0.
31
2
57
0.
01
3
0.
07
0
0.
40
0.
09
2
0.
09
9
0.
08
7
02
26
44
6.
3
7.
0
7.
6
-
-
-
0.
14
8
K
au
ko
va
in
io
39
0.
01
8
0.
04
0
0.
09
5
0.
03
8
0.
04
2
0.
01
9
0.
18
4
41
0.
02
6
0.
09
4
0.
45
0.
13
0.
12
0.
09
4
0.
19
2
40
5.
9
6.
7
7.
1
-
-
-
0.
18
1
K
on
tu
la
3
0.
01
0
0.
01
5
0.
01
9
0.
01
3
0.
01
5
0.
00
5
0.
19
6
56
0.
03
0
0.
11
0.
38
0.
12
0.
13
0.
09
30
.2
10
38
6.
6
7.
0
7.
4
-
-
-
0.
16
8
K
aja
an
ice
nt
re
16
0.
01
9
0.
03
5
0.
12
0.
04
1
0.
04
5
0.
02
6
0.
21
2
18
0.
08
5
0.
17
0.
50
0.
20
0.
23
0.
14
03
12
19
5.
0
6.
7
7.
1
-
-
-
0.
26
0
H
äm
ee
np
ui
st
o
36
0.
06
0
0.
19
0.
90
0.
19
0.
23
0.
16
0.
18
9
63
0.
09
5
0.
45
1.
5
0.
43
0.
49
0.
27
0.
12
2
63
6.
3
6.
7
7.
5
-
-
0.
13
2
H
er
tto
ni
em
i
10
0.
01
7-
0.
05
0
0.
10
0.
04
3
0.
05
0
0.
02
2
0.
21
7
44
0.
04
1
0.
23
1.
2
0.
23
0.
27
0.
21
0.
18
8
30
6.
8
7.
2
8.
1
-
-
-
0.
17
8
A
li
c
a
tc
hm
en
ts
11
7
0.
01
0
0.
05
0
0.
90
-
0.
09
9
0.
13
0.
24
1
27
9
0.
01
3
0.
16
1.
5
-
0.
23
0.
23
0.
18
4
23
4
5.
0
6.
9
8.
1
-
-
-
O
JO
l
T
ab
le
14
.C
on
tin
ue
d.
V
al
u
es
o
f
s
ta
ti
st
ic
s
C
at
ch
m
en
t
c
o
n
c
iu
ct
iv
ity
Y25
m
S
m
n
m
in
m
m
a
x
s
D
Pa
ki
la
28
2.
3
K
au
ko
va
in
io
42
2.
3
K
on
tu
la
21
2.
0
K
aja
an
ic
e
n
tr
e
19
2.
3
H
äm
ee
np
ui
st
o
61
3.
8
H
er
tto
ni
em
i
15
8.
8
A
li
c
a
tc
hm
en
ts
18
6
2.
0
6.
0
7.
4
3.
8
5.
9
14 12
T
ab
le
15
.
Pr
op
er
tie
s
o
f
di
st
ri
bu
tio
ns
o
f
st
o
rm
-r
u
n
o
ff
qu
al
ity
pa
ra
m
et
er
s.
O
bs
er
va
tio
ns
in
re
gr
es
si
on
a
n
a
ly
si
s.
n
=
n
u
m
be
r
o
f
o
bs
er
va
tio
ns
,
m
in
=
m
in
im
um
v
a
lu
e,
m
=
m
e
di
an
v
a
lu
e,
m
a
x
=
m
a
x
im
um
v
a
lu
e,
5c
=
a
ri
th
m
et
ic
m
e
a
n
,
s
st
an
da
rd
de
vi
at
io
n,
D
=
K
ol
m
og
or
ov
-S
m
ir
no
v
te
st
st
at
is
tic
.
V
al
ue
o
f
D
u
n
de
rl
in
ed
sh
ow
s
th
at
hy
po
th
es
is
o
n
n
o
rm
a
l
di
st
rjb
ut
jo
n
o
fv
a
ri
ah
le
ha
s
to
be
re
jec
ted
a
t
95
%
si
gn
ifi
ca
nc
e
le
ve
l
in
tw
o-
si
de
d
te
st
in
ga
.
V
al
ue
s
o
f s
ta
tis
tic
s
C
at
ch
m
en
t
to
ta
l
so
lid
s
v
o
la
til
e
so
ltd
s
su
sp
en
de
d
so
lid
s
TS
V
S
SS
m
g
1
m
g
1
m
g
I
1
n
m
in
m
m
a
x
s
D
n
m
in
m
m
a
x
s
D
n
m
in
m
m
a
x
s
D
23
67
15
0
1
10
0
24
0
25
0
0.
27
5
23
13
40
25
0
68
60
0.
23
0
50
12
10
0
10
00
19
0
23
0
Q2
&
38
57
15
0
87
0
18
0
15
0
0.
21
9
38
27
61
22
0
73
42
0.
20
7
30
17
83
35
0
97
70
0.
15
2
10
95
24
0
57
0
27
0
16
0
0.
17
4
11
29
71
12
0
69
30
0.
17
5
41
26
20
0
1
50
0
27
0
31
0
0.
21
7
10
96
31
0
73
0
33
0
22
0
0.
24
3
10
34
76
15
0
84
39
0.
27
3
10
49
22
0
52
0
23
0
14
0
0.
19
0
23
19
0
41
0
1
50
0
56
0
38
0
0.
24
4
11
60
90
40
0
13
0
10
0
0.
26
3
39
26
24
0
15
00
34
0
30
0
Q
j
11
10
0
41
0
12
00
54
0
32
0
0.
25
7
11
34
11
0
21
0
13
0
60
0.
18
1
39
25
24
0
13
00
32
0
29
0
0.
17
6
AH
c
a
tc
hm
en
ts
11
5
57
22
0
1
50
0
33
0
29
0
0.
18
9
10
4
13
71
40
0
84
60
0.
18
5
20
9
12
17
0
1
50
0
25
0
27
0
0.
19
3
a:
c
ri
tic
al
v
a
lu
es
o
f
K
ol
m
og
or
ov
-S
m
ir
no
v
te
st
st
at
is
tic
:
n
=
5
10
20
30
40
50
60
90
10
0
15
0
20
0
25
0
D
cr
itj
ca
l
=
0.
56
3
0.
40
9
0.
29
4
0.
24
2
0.
21
0
0.
18
8
0.
17
2
0.
14
1
0.
13
4
0.
11
0.
10
0.
09
0
23
<
2
8
47
11
10
0.
23
9
51
15
81
30
0
10
0
72
0.
15
9
20
4
8
39
12
9
0.
23
7
19
4
9
59
16
15
0.
25
0
18
41
13
0
28
0
13
0
67
0.
11
9
0
11
4
8
48
14
13
0.
23
1
44
24
10
0
51
0
13
0
11
0
0.
17
7
3
5
10
18
11
7
0.
22
7
6
4
11
13
10
3
0.
23
0
8
84
15
0
25
0
14
0
59
0.
26
7
4
14
25
15
0
51
66
0.
40
3
22
6
32
13
0
36
30
0.
17
6
39
23
17
0
56
0
19
0
12
0
0.
15
2
0
11
12
17
40
21
9
0.
20
6
39
50
20
0
62
0
23
0
11
0
0.
14
5
Pa
ki
la
K
au
ko
va
in
io
K
on
tu
la
K
aja
an
ic
e
n
tr
e
H
äm
ee
np
ui
st
o
H
er
tto
ni
em
i
Pa
ki
la
K
au
ko
va
in
io
K
on
tu
la
K
aja
an
ic
e
n
tr
e
H
äm
ec
np
ui
st
o
H
er
tto
ni
em
i
T
ab
le
15
.C
on
tin
ue
d.
V
al
ue
s
o
f
st
at
is
tic
s
C
at
ch
m
en
t
.
.
to
ta
l
o
rg
an
ic
c
a
rb
on
bi
oc
he
m
ic
al
o
x
yg
en
de
m
an
d
c
he
m
ic
al
o
x
yg
en
de
m
an
d
TO
C
B
O
D
7
C
O
D
C
r
m
g
l
1C
m
g
1
102
m
g
h
102
n
m
in
m
m
a
x
s
D
n
m
in
m
m
a
x
i
s
D
n
m
in
m
m
a
x
s
D
AH
c
a
tc
hm
en
ts
27
4
11
15
0
18
28
0.
32
3
92
<
2
12
13
0
19
20
0.
24
3
19
9
15
12
0
62
0
15
0
11
0
0.
12
6
T
ab
ie
15
.C
on
tin
ue
d.
v
a
n
a
di
um
v
.
m
g
l
1V
-
-
su
lp
ha
te
z
in
c
S
0
4
Zn
_
_
_
_
_
_
_
m
g
Il
S
O
4
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
m
g
V
iZ
n
n
m
in
m
m
a
x
s
D
n
m
in
m
m
a
x
s
D
n
m
in
m
m
a
x
5i
s
D
24
2.
9
9.
2
24
9.
8
5.
5
0.
16
2
23
<
0.
00
5
0.
01
0
0.
02
5
0.
01
0
0.
00
5
0.
13
3
13
0.
05
3
0.
14
0.
43
0.
14
0.
09
8
0.
22
4
39
4.
3
12
37
13
7.
7
0.
18
4
40
<
0.
00
5
0.
01
2
0.
05
5
0.
01
4
0.
01
0
0.
20
5
38
0.
21
0.
36
0.
83
0.
38
0.
14
0.
18
3
15
2.
5
5.
3
11
6.
2
3.
1
0.
15
7
13
<
0.
00
5
0.
00
8
0.
05
3
0.
01
3
0.
01
4
0.
22
8
3
0.
03
9
0.
43
0.
43
0.
30
0.
23
0.
38
5
9
2.
4
9.
0
18
9.
9
4.
6
0.
15
2
9
0.
01
0
0.
01
7
0.
03
8
0.
02
1
0.
01
1
0.
23
4
9
0.
18
0.
32
0.
53
0.
34
0.
11
0.
13
7
18
7.
4
12
31
15
7.
2
0.
21
0
17
0.
01
3
0.
02
7
0.
15
0.
04
1
0.
03
9
0.
24
7
19
0.
19
0.
43
1.
7
0.
52
0.
33
0.
26
6
12
8.
5
16
26
17
5.
1
0.
15
7
13
0.
00
9
0.
01
9
0.
04
7
0.
02
4
0.
01
3
0.
24
5
10
0.
08
0
0.
38
0.
59
0.
35
0.
14
0.
14
2
11
7
2.
4
11
37
12
7.
0
0.
13
7
11
5
<
0.
00
5
0.
01
30
.1
5
0.
01
9
0.
02
0
0.
24
1
92
0.
03
9
0.
36
1.
7
0.
36
0.
22
0.
14
5
V
al
ue
s
o
f
st
at
is
tic
s
C
at
ch
m
en
t
to
ta
l
ph
os
ph
or
us
to
ta
l
n
itr
og
en
c
hl
or
id
e
to
tP
to
tN
Cl
m
g
ll
P
m
g
ll
N
m
g
Il
C
l
n
m
in
m
m
a
x
s
D
n
m
in
m
m
a
x
s
D
n
m
in
m
m
a
x
s
D
Pa
ki
la
52
0.
03
9
0.
18
1.
2
0.
25
0.
22
0.
20
8
39
0.
35
1.
4
4.
5
1.
7
0.
98
0.
15
0
24
0.
9
2.
2
5.
5
2.
4
1.
2
0.
18
2
K
au
ko
va
in
io
39
0.
01
9
0.
20
1.
1
0.
29
0.
23
0.
22
5
40
0.
77
1.
6
6.
2
2.
0
1.
3
0.
23
2
37
1.
4
2.
6
8.
1
3.
1
1.
6
0.
15
9
K
on
tu
la
44
0.
08
6
0.
24
1.
6
0.
34
0.
30
0.
19
4
30
0.
40
1.
4
3.
0
1.
5
0.
69
0.
11
6
15
0.
4
1.
2
3.
5
1.
5
0.
9
0.
22
2
K
aja
an
ic
e
n
tr
e
10
0.
16
0.
27
0.
76
0.
34
0.
20
0.
23
3
10
0.
75
1.
3
4.
1
1.
5
0.
97
0.
33
8
10
1.
1
3.
4
12
4.
3
3.
5
0.
27
9
H
äm
ee
np
ui
st
o
38
0.
12
0.
40
2.
3
0.
52
0.
42
0.
20
9
38
0.
57
1.
9
10
2.
3
1.
8
14
4.
2
13
30
15
7.
6
0.
17
4
1-
le
rtt
on
ie
m
i
40
0.
08
7
0.
30
1.
2
0.
38
0.
25
0.
18
3
25
0.
50
1.
8
5.
8
2.
2
1.
2
0.
17
3
12
3.
6
7.
5
15
7.
9
2.
9
0.
21
1
A
li
c
a
tc
hm
en
ts
22
3
0.
01
9
0.
26
2.
3
0.
35
0.
30
0.
16
5
18
2
0.
35
1.
5
10
1.
9
1.
3
0.
17
8
11
2
0.
4
3.
0
30
4.
8
5.
2
0.
23
6
T
ab
ie
15
.C
on
tin
ue
d.
V
al
ue
s
o
fs
ta
tis
tic
s
C
at
ch
m
en
t
Pa
ki
la
K
au
ko
va
in
io
K
on
tu
la
K
aja
an
ic
e
n
tr
e
H
äm
ee
np
ui
st
o
H
er
tto
ni
em
i
A
li
c
a
tc
hm
en
ts
1-
O
T
ab
le
15
.C
on
tin
ue
d.
Pa
ki
ia
K
au
ko
va
in
io
K
on
tu
ia
K
aja
an
ic
e
n
tr
e
i-J
äm
ee
np
ui
st
o
H
er
tto
ni
em
i
13
0.
01
2
38
0.
01
8
2
0.
01
0
9
0.
02
6
19
0.
06
0
10
0.
01
7
0.
03
3
0.
01
9
0.
02
9
0.
14
0.
02
2
T
ab
le
15
.C
on
tin
ue
d.
C
at
ch
m
en
t
V
al
ue
s
o
f
st
at
is
tic
s
c
o
n
du
ct
iv
ity
)‘2
5
m
S
m
’
n
m
in
m
m
a
x
5c
s
D
Pa
ki
la
25
2.
7
5.
3
14
6.
1
2.
6
0.
14
3
K
au
ko
va
in
io
41
2.
3
6.
9
16
7.
5
3.
2
0.
10
2
K
on
tu
la
15
2.
1
3.
4
6.
2
3.
9
1.
4
0.
17
2
K
aja
an
i c
e
n
tr
e
10
2.
3
6.
7
15
6.
9
3.
5
0.
29
4
H
äm
ee
np
ui
st
o
38
5.
0
11
50
14
9.
5
0.
21
0
H
er
tto
ni
em
i
13
8.
8
11
19
12
2.
9
0.
22
6
A
li
c
a
tc
hm
en
ts
14
2
2.
1
7.
2
50
9.
1
6.
6
0.
15
9
u
i
t’
J
V
al
ue
s
o
f
st
at
is
tic
s
C
at
ch
m
en
t
c
o
pp
er
ie
ad
pH
v
a
lu
e
C
u
Pb
pH
m
g
ll
C
u
m
g
i
1P
b
n
m
in
m
m
a
x
5
s
D
n
m
in
m
m
a
x
5c
s
D
n
m
in
m
m
a
x
5c
s
D
0.
02
6
0.
14
0.
03
7
0.
04
0
0.
09
5
0.
04
3
-
0.
01
5
0.
01
3
0.
03
5
0.
12
0.
04
7
0.
17
0.
68
0.
22
0.
05
0
0.
10
0.
05
0
A
li
c
a
tc
hm
en
ts
91
0.
01
0
0.
04
0
0.
68
0.
07
9
0.
09
7
0.
31
2
52
0.
01
3
0.
07
1
0.
40
0.
10
0.
09
00
.2
27
40
6.
3
7.
0
7.
6
-
-
0.
16
8
0.
18
7
40
0.
02
6
0.
10
0.
45
0.
12
0.
09
5
0.
19
1
39
5.
9
6.
7
7.
1
-
-
0.
18
8
-
45
0.
03
0
0.
11
0.
38
0.
14
0.
09
7
0.
21
7
30
6.
6
6.
9
7.
4
-
-
0.
18
7
0.
26
1
9
0.
14
0.
17
0.
50
0.
25
0.
14
0.
35
4
10
6.
2
6.
7
7.
1
-
-
0.
33
0
0.
23
1
39
0.
09
5
0.
45
1.
5
0.
51
0.
28
0.
14
9
39
6.
3
6.
6
7.
3
-
-
0.
12
6
0.
21
7
40
0.
04
1
0.
24
1.
2
0.
28
0.
21
0.
17
0
26
6.
8
7.
2
8.
1
-
-
0.
23
3
0.
28
3
22
5
0.
01
3
0.
15
1.
5
0.
22
0.
22
0.
19
4
18
4
5.
9
6.
8
8.
1
-
-
0.
10
1
a:
cr
iti
ca
lv
al
ue
s
o
fK
oi
m
og
or
ov
-S
m
irn
ov
te
st
st
at
is
tic
n
=
11
39
40
41
45
52
22
8
D
cr
itjc
ai
=
0.
39
1
0.
21
3
0.
21
0
0.
20
8
0.
19
8
0.
18
5
0.
09
Ta
bi
e
16
.P
ro
pe
rti
es
o
fd
is
tri
bu
tio
ns
o
fh
yd
ro
m
et
eo
ro
lo
gi
ca
lv
ar
ia
bi
es
an
al
ys
ed
in
c
o
n
n
e
c
tio
n
w
ith
st
or
m
-r
un
of
fs
am
pl
in
g.
O
bs
er
va
tio
ns
in
re
gr
es
si
on
an
al
ys
is.
n
=
n
u
n
be
r
o
f
o
bs
er
va
tio
ns
,m
in
=
m
in
im
um
v
al
ue
,
m
=
m
e
di
an
v
al
ue
,
m
ax
=
m
a
x
im
um
v
al
ue
,
l
=
a
rit
hm
et
ic
m
e
a
n
,
s
=
st
an
da
rd
de
vi
at
io
n,
1)
=
K
ol
m
og
or
ov
-S
m
irn
ov
te
st
st
at
is
tic
.
V
al
ue
o
fD
u
n
de
rli
ne
d
sh
ow
s
th
at
hy
po
th
es
is
o
n
n
o
rm
a
l
di
st
rib
ut
io
n
o
fv
ar
ia
bl
e
ha
s
to
be
re
jec
ted
a
t
95
%
si
gn
ifi
ca
nc
e
Ie
ve
li
n
tw
o-
si
de
d
te
st
in
ga
.
.
V
al
ue
s
o
fs
ta
tis
tic
s
C
at
ch
m
en
t
ru
n
o
ff
v
o
lu
m
e
ra
in
fa
li
v
o
lu
m
e
ra
in
fa
li
du
ra
tio
n
Q
R
tR
m
m
m
m
m
in
n
m
in
m
m
ax
Sc
s
D
n
m
in
m
m
a
x
51
s
1)
n
m
in
m
m
a
x
Sc
s
D
Pa
ki
la
52
0.
1
0.
6
3.
6
0.
8
0.
7
Q
,4
52
0.
9
5.
1
19
.6
6.
2
4.
2
0.
16
7
52
30
17
5
91
5
20
0
16
5
0.
15
0
K
au
ko
va
in
io
41
0.
2
0.
5
1.
9
0.
6
0.
4
0.
18
0
41
1.
2
3.
9
14
.1
4.
5
2.
7
0.
17
2
41
15
20
5
53
0
21
5
13
5
0.
10
7
K
on
tu
la
45
0.
4
1.
5
9.
4
2.
0
1.
8
0.
18
4
45
1.
6
5.
1
23
.1
6.
5
4.
2
0.
18
6
45
20
13
5
52
0
15
5
11
5
0.
16
2
K
aja
an
ie
e
n
tr
e
11
0.
6
1.
0
4.
5
1.
6
1.
2
0.
23
3
11
1.
8
4.
3
9.
1
4.
2
2.
3
0.
15
6
11
20
11
0
32
5
13
5
11
5
0.
21
8
H
äm
ee
np
ui
st
o
39
0.
3
1.
7
8.
6
2.
3
2.
0
0.
18
0
39
0.
9
3.
4
10
.2
4.
0
2.
7
0.
12
6
39
25
90
31
0
11
5
85
0.
17
9
H
er
tto
ni
em
i
40
0.
1
0.
6
2.
3
0.
6
0.
5
0.
13
8
40
1.
6
3.
9
11
.7
4.
4
2.
3
0.
18
7
40
15
95
36
5
11
5
75
0.
12
0
A
li
c
a
tc
hm
en
ts
22
8
0.
1
0.
8
9.
4
1.
3
1.
4
0.
22
3
22
8
0.
9
4.
2
23
.1
5.
2
3.
5
0.
15
4
22
8
15
13
5
91
5
16
0
13
0
0.
12
7
Ta
bl
e
16
.C
on
tin
ue
d.
h
V
al
ue
s
o
fs
ta
tis
tic
s
C
at
c
m
e
n
t
m
a
x
im
um
ra
in
fa
il
in
te
ns
ity
pr
ec
ed
in
g
dr
y
pe
ri
od
v
o
lu
m
e
o
f
pr
ec
ed
in
g
ra
in
fa
li
e
v
e
n
t
im
ax
td
R
m
m
h
l
h
m
m
D
n
m
in
m
m
a
x
51
s
D
Ta
bl
e
16
.C
on
tin
ue
d.
n
m
in
m
m
ax
31
a
D
n
m
in
rn
m
a
x
51
s
Pa
ki
la
52
2.
4
6.
2
45
.6
8.
6
7.
7
Q
,7
j
52
1
24
76
1
63
12
2
52
0.
4
3.
1
14
.9
4.
3
3.
9
0.
16
2
K
au
ko
va
in
io
41
1.
2
4.
8
43
.2
8.
9
10
.3
0.
29
8
41
1
27
25
6
58
67
0.
23
7
41
0.
6
2.
1
27
.2
3.
7
4.
7
0.
25
3
K
on
tu
la
45
3.
0
10
.9
54
.0
14
.7
11
.3
0.
19
8
45
1
10
16
6
34
43
0.
23
3
45
0.
4
1.
7
19
.0
3.
1
3.
5
Q
J2
K
aja
an
ic
e
n
tr
e
11
4.
2
6.
0
24
.0
10
.0
7.
2
0.
31
7
11
1
4
13
2
23
43
0.
41
9
11
0.
3
1.
2
7.
1
1.
8
2.
1
0.
23
9
H
m
ee
np
ui
st
o
39
1.
2
6.
6
37
.2
9.
4
7.
3
0.
18
6
39
1
6
28
8
25
53
0.
32
5
39
0.
3
2.
0
11
.1
3.
3
3.
0
0.
20
1
H
er
tto
ni
em
i
40
3.
0
8.
5
37
.2
10
.9
8.
3
0.
16
8
40
1
30
31
6
58
81
0.
24
2
40
0.
4
3.
3
19
.8
4.
7
4.
4
0.
16
5
A
li
c
a
tc
hm
en
ta
22
8
1.
2
7.
0
54
.0
10
.5
9.
2
0.
19
1
22
8
1
15
76
1
47
80
0.
28
2
22
8
0.
3
2.
3
27
.2
3.
7
3.
9
0.
18
9
V
al
ue
s
o
f
st
at
ia
tic
s
C
at
ch
m
en
t
m
a
x
im
um
in
te
ns
ity
o
f
pr
ec
ed
in
g
ra
in
fa
li
e
v
e
n
t
m
e
a
n
da
ily
te
m
pe
ra
tu
re
1m
a
x
p
Tm
m
m
hL
l
n
m
in
m
m
a
x
5c
s
D
n
m
in
m
m
a
x
51
s
D
Pa
ki
la
52
1.
0
4.
6
45
.6
6.
8
7.
5
2
2
52
2.
0
13
.6
18
.0
11
.5
4.
7
0.
17
5
K
au
ko
va
in
io
41
0.
7
4.
0
56
.4
8.
3
12
.2
0.
36
1
41
1.
1
9.
9
18
.5
10
.6
4.
6
0.
09
9
K
on
tu
la
45
0.
6
4.
8
28
.8
6.
8
5.
9
0.
16
9
45
2.
1
13
.8
19
.0
13
.0
3.
6
0.
15
4
K
aja
an
ic
e
n
tr
e
11
1.
2
2.
2
4.
8
2.
9
1.
5
0.
23
7
11
8.
6
12
.3
16
.5
12
.2
2.
5
0.
18
0
H
äm
ee
np
ui
st
o
39
1.
0
4.
8
21
.6
6.
6
4.
8
0.
16
1
39
3.
4
13
.6
18
.5
13
.1
2.
9
0.
10
7
H
er
tto
ni
em
i
40
0.
8
6.
0
29
.6
7.
8
6.
5
0.
21
2
40
4.
0
14
.2
18
.2
13
.1
3.
4
0.
15
5
A
li
c
a
tc
hm
en
ts
22
8
0.
6
4.
8
56
.4
7.
0
7.
6
0.
21
1
22
8
1.
1
13
.1
19
.0
12
.2
4.
0
0.
12
2
T
ab
le
17
.
Pr
op
er
tie
s
o
f
di
st
ri
bu
tio
ns
o
f
de
po
si
tio
n
pa
ra
m
et
er
s
in
c
o
n
n
e
c
tio
n
w
ith
st
o
rm
-r
u
n
o
ff
sa
m
pl
in
g
(c
om
pu
ta
tio
na
l d
ai
ly
ra
te
s).
O
bs
er
va
tio
ns
in
re
gr
es
si
on
a
n
a
ly
si
s.
n
=
n
u
m
be
r
o
f
o
bs
er
va
tio
ns
,
m
in
=
m
in
im
um
v
a
lu
e,
m
=
m
e
di
an
v
a
lu
e,
m
a
x
=
m
a
x
im
um
v
a
lu
e,
3
=
a
ri
th
m
et
ic
m
e
a
n
,
s
=
st
an
da
rd
de
vi
at
io
n,
D
=
K
oi
m
og
or
ov
-S
m
ir
no
v
te
st
st
at
is
tic
.V
al
ue
o
f
D
u
n
de
rl
in
ed
sh
ow
s
th
at
hy
po
th
es
is
o
n
n
o
rm
a
l
di
st
ri
bu
tio
n
o
fv
a
ria
bl
e
ha
s
to
be
re
jec
ted
a
t
95
%
si
gn
if
ic
an
ce
le
ve
l
in
tw
o-
si
de
d
te
st
in
ga
.
V
al
ue
s
o
f
sr
a
tis
tic
s
C
at
ch
m
en
t
.
.
to
ta
l
de
po
si
tio
n
v
o
la
til
e
de
po
si
tio
n
to
ta
l
o
rg
an
ic
c
a
rb
on
D
to
t
D
vo
i
D
TO
C
m
g
m2
in
30
da
ys
m
g
m2
in
30
da
ys
m
g
m2
C
in
30
da
ys
n
m
in
m
m
a
x
s
D
n
m
in
m
m
a
x
s
D
n
m
in
m
m
a
x
s
D
Pa
ki
la
52
1
38
0
2
17
0
15
55
0
4
01
0
3
93
0
0.
33
4
52
58
0
1
61
0
5
90
0
2
03
0
1
34
0
0.
33
3
0
K
au
ko
va
in
io
41
92
0
1
61
0
2
96
0
1
72
0
61
0
0.
12
4
41
51
0
82
0
1
50
0
95
0
29
0
0.
29
4
20
71
79
93
78
8
0.
27
6
K
on
tu
la
45
13
30
22
60
13
10
0
41
90
39
70
0.
36
4
45
57
0
15
30
46
40
18
50
92
0
0.
22
2
0
K
aja
an
ic
e
n
tr
e
11
1
75
0
3
43
0
5
03
0
3
35
0
1
17
0
0.
18
0
11
90
0
1
43
0
1
80
0
1
43
0
28
0
0.
14
4
3
13
3
16
6
18
2
16
0
25
0.
25
6
H
äm
ee
np
ui
st
o
39
1
92
0
2
96
0
6
73
0
3
21
0
1
15
0
0.
18
4
39
75
0
1
17
0
20
30
1
22
0
39
0
0.
18
7
4
13
1
22
0
23
1
19
1
45
0.
23
8
H
er
tto
ni
em
i
40
1
71
0
3
71
0
14
23
0
3
87
0
2
34
0
0.
28
0
40
96
0
1
92
0
8
30
0
2
38
0
1
40
0
0.
20
6
0
A
li
c
a
tc
hm
en
ts
22
8
92
0
2
37
0
15
55
0
3
44
0
2
93
0
0.
23
8
22
8
51
0
1
47
0
8
30
0
1
69
0
1
10
0
0.
22
3
27
71
82
23
1
10
4
49
0.
33
0
a:
c
ri
tic
ai
v
a
lu
es
o
f
K
ol
m
og
or
ov
-S
m
ir
no
v
te
st
st
at
is
tic
:
n
=
3
4
11
20
33
37
38
39
40
41
45
52
19
8
22
8
=
0.
70
8
0.
62
4
0.
39
1
0.
29
4
0.
23
1
0.
21
8
0.
21
5
0.
21
3
0.
21
0
0.
20
8
0.
19
8
0.
18
5
0.
10
0.
09
T
ab
ie
17
.C
on
tin
ue
d.
V
al
ue
s
o
f
st
at
is
tic
s
C
at
ch
m
en
t
to
ta
l
ph
os
ph
or
us
to
ta
l
n
itr
og
en
c
hi
on
de
D
to
t
i
D
t
0t
N
DC
1
m
g
m2
P
in
30
da
ys
m
g
m2
N
in
30
da
ys
m
g
m2
Ci
in
30
da
ys
n
m
in
m
m
a
x
s
D
n
m
in
m
m
a
x
x
s
D
n
m
in
m
m
a
x
s
D
1-
O
Pa
kji
a
52
1.
5
4.
3
12
.3
5.
3
3.
0
0.
20
2
52
38
75
21
4
10
0
54
0.
21
1
52
12
55
14
6
57
31
0.
13
5
K
au
ko
va
in
io
41
1.
3
2.
1
8.
5
2.
4
1.
2
0.
20
3
41
38
48
72
53
10
0.
30
7
41
7
12
31
15
8
0.
15
5
K
on
tu
ia
45
1.
1
4.
6
9.
6
4.
8
2.
7
0.
15
4
45
39
76
18
4
82
28
0.
11
4
45
24
46
99
51
22
0.
16
0
K
aja
an
ic
e
n
tr
e
11
1.
5
2.
5
5.
4
3.
0
1.
5
0.
24
1
11
39
44
56
44
5
0.
17
2
11
12
16
27
19
6
0.
21
9
H
äm
ee
np
ui
st
o
39
2.
1
2.
8
14
.3
3.
6
2.
1
0.
22
9
39
35
70
98
66
19
0.
16
9
39
28
31
10
3
41
20
Q
fl
H
er
tto
ni
em
i
40
1.
6
6.
6
20
.5
7.
4
4.
0
0.
17
9
40
27
82
12
0
85
26
0.
16
5
40
23
61
11
3
62
23
0.
12
6
A
li
c
a
tc
hm
en
ts
22
8
1.
1
3.
9
20
.5
4.
7
3.
2
0.
13
8
22
8
27
69
21
4
77
36
22
8
7
36
14
6
44
28
T
ab
le
17
. C
on
tin
ue
d.
V
al
ue
s
o
f
s
ta
ti
st
ic
s
C
at
ch
m
en
t
su
lp
ha
te
v
a
n
a
di
um
z
in
c
D
S
O
4
D
V
D
z
m
g
m2
S
0
4
in
30
da
ys
m
g
m2
V
in
30
da
ys
m
g
m2
Zn
in
30
da
ys
n
m
in
m
m
a
x
51
s
D
n
m
in
m
m
a
x
51
s
D
n
m
in
m
m
a
x
51
s
D
Pa
ki
la
52
24
0
39
3
52
6
40
6
84
0.
15
8
52
0.
06
0.
18
0.
48
0.
21
0.
11
0.
24
6
40
0.
15
1.
55
2.
52
1.
33
0.
56
0.
19
9
K
au
ko
va
in
io
41
23
4
35
3
95
1
44
0
22
3
0.
35
9
41
0.
05
0.
17
0.
46
0.
18
0.
11
0.
19
8
39
0.
69
1.
09
1.
44
1.
00
0.
19
0.
24
9
K
on
tu
la
45
27
0
52
2
70
4
49
0
90
0.
16
7
45
0.
10
0.
21
0.
75
0.
27
0.
18
0.
20
8
33
1.
10
1.
87
2.
20
1.
79
0.
37
0.
22
1
K
aja
an
ic
e
n
tr
e
11
37
0
57
2
81
2
54
5
14
9
0.
13
3
11
0.
11
0.
16
0.
54
0.
25
0.
16
0.
32
6
11
2.
00
2.
31
7.
45
3.
35
2.
09
0.
41
5
H
am
ee
np
ui
st
o
39
33
5
55
2
93
0
57
9
13
8
0.
12
4
39
0.
12
0.
44
1.
41
0.
56
0.
39
0.
16
7
38
1.
29
2.
52
3.
41
2.
37
0.
70
0.
18
5
H
er
tto
ni
em
i
40
34
3
63
3
97
3
67
9
18
1
0.
20
8
40
0.
12
0.
32
1.
00
0.
34
0.
21
0.
15
1
37
2.
46
4.
05
9.
93
4.
76
2.
35
0.
18
5
A
li
c
a
tc
hm
en
ts
22
8
23
4
49
3
97
3
51
3
17
6
0.
09
5
22
8
0.
05
0.
19
1.
41
0.
30
0.
25
0.
20
9
19
8
0.
15
1.
77
9.
93
2.
29
1.
79
Qf
l.j
T
ab
le
17
.C
on
tin
ue
d.
V
al
ue
s
o
f
st
at
is
tic
s
C
at
ch
m
en
t
c
o
pp
er
ie
ad
pH
v
a
iu
e
D
C
u
D
pb
D
pH
m
g
m2
C
u
in
30
da
ys
m
g
m2
Pb
in
30
da
ys
n
m
in
m
m
a
x
31
s
D
n
m
in
m
m
a
x
31
s
D
n
m
in
m
m
a
x
51
s
D
—
Pa
ki
ia
40
0.
15
0.
36
0.
49
0.
33
0.
11
0.
12
1
52
0.
48
1.
02
2.
15
1.
14
0.
37
0.
17
6
52
4.
1
4.
3
6.
4
-
-
0.
43
0
K
au
ko
va
jni
o
39
0.
30
0.
84
1.
74
0.
95
0.
45
0.
20
9
41
0.
54
0.
78
0.
84
0.
76
0.
07
0.
16
5
41
3.
9
4.
4
6.
6
-
-
0.
24
3
K
on
tu
ia
33
0.
27
0.
36
0.
52
0.
37
0.
06
0.
14
2
45
0.
68
1.
08
1.
86
1.
19
0.
33
0.
15
5
45
4.
0
4.
1
7.
4
-
-
0.
34
6
K
aja
an
ic
e
n
tr
e
11
0.
89
1.
37
2.
08
1.
31
0.
37
0.
22
1
11
1.
76
1.
89
2.
25
1.
94
0.
18
0.
23
9
11
3.
9
4.
1
4.
8
-
-
0.
26
1
H
äm
ee
np
ui
st
o
38
0.
39
0.
55
1.
09
0.
69
0.
23
QI
L3
39
0.
75
5.
43
6.
90
5.
11
1.
25
0.
18
4
39
3.
7
4.
0
4.
8
-
-
P
2
.
H
er
tto
ni
em
i
37
0.
33
0.
44
0.
69
0.
46
0.
08
0.
15
7
40
1.
15
1.
88
3.
69
2.
07
0.
48
0.
22
7
40
3.
7
4.
0
4.
3
-
-
0.
17
5
A
li
c
a
tc
hm
en
ts
19
8
0.
15
0.
47
2.
08
0.
61
0.
37
0.
25
2
22
8
0.
48
1.
36
6.
90
1.
96
1.
61
0.
24
9
22
8
3.
7
4.
2
7.
4
-
-
0.
32
6
J
I
T
ab
le
17
.
C
on
tin
ue
d.
V
al
ue
s
o
f
st
at
is
tic
s
C
at
ch
m
en
t
c
o
n
du
ct
iv
ity
D
m
S
m
n
m
in
m
m
a
x
31
s
D
Pa
ki
la
52
3.
0
3.
8
6.
3
3.
9
0.
7
0.
19
9
K
au
ko
va
in
io
41
1.
8
3.
5
8.
0
3.
9
1.
5
0.
21
4
K
on
tu
la
45
3.
5
5.
5
9.
8
5.
8
1.
7
0.
21
4
K
aja
an
ic
e
n
tr
e
11
5.
8
6.
6
7.
9
6.
9
0.
9
0.
19
4
Fi
äm
ee
np
ui
st
o
39
4.
9
6.
4
15
.6
7.
3
2.
6
0.
32
5
H
er
tto
ni
em
i
40
5.
4
6.
3
14
.6
6.
8
1.
8
0.
28
8
A
li
c
a
tc
hm
en
ts
22
8
1.
8
5.
4
15
.6
5.
5
2.
2
0.
12
9
T
ab
le
18
.
A
ve
ra
ge
c
o
m
po
si
tio
n
o
f
sn
o
w
-m
e
lti
ng
ru
n
o
ff
w
a
te
r
in
te
st
c
a
tc
hm
en
ts
.
A
ve
ra
ge
s
c
o
m
pu
te
d
fr
om
fig
ur
es
re
po
rt
ed
by
L
ai
ho
(1
98
0)
.n
=
n
u
m
be
ro
f o
bs
er
va
tio
ns
,
w
=
w
e
ig
ht
ed
m
e
a
n
,
m
=
rn
e
di
an
.
C
at
ch
m
en
t
T
ot
al
V
ol
at
ile
Su
sp
en
de
d
T
ot
al
B
io
ch
em
ic
ai
C
he
m
ic
al
T
ot
al
T
ot
al
so
lid
s
so
lid
s
so
lid
s
o
rg
an
ic
c
a
rb
on
o
x
yg
en
de
m
an
d
o
x
yg
en
de
m
an
d
ph
os
ph
or
us
n
itr
og
en
n
n
n
n
n
n
n
n
m
g
I
m
g
1
1
m
g
1
1
m
g
I
1C
m
g
1
102
m
g
I
102
m
g
ll
P
m
g
J
1N
T
ab
le
18
.C
on
tin
ue
d.
C
at
ch
m
en
t
C
hl
or
id
e
Su
lp
ha
te
V
an
ad
iu
m
Z
in
c
C
op
pe
r
L
ea
d
pH
C
on
du
ct
iv
ity
“
‘
‘
‘
m
‘
m
g
IC
1
m
g
I’
S
0
4
m
g
l
1V
m
g
ll
Z
n
m
g
l
1C
u
m
g
l
1P
b
m
S
m
Pa
ki
la
9
65
9
34
9
0.
01
1
0
-
0
-
19
0.
04
6
25
7.
1
14
31
K
au
ko
va
in
io
27
14
29
53
29
0.
01
4
22
0.
20
22
0.
02
8
32
0.
07
5
40
6.
6
40
22
K
on
tu
la
6
17
0
6
35
6
0.
01
1
0
-
0
-
14
0.
12
21
7.
0
12
62
K
aja
an
ice
nt
re
16
17
15
36
15
0.
03
7
9
0.
37
9
0.
31
15
0.
18
21
7.
2
20
25
H
äm
ee
np
ui
st
o
6
.
58
6
33
6
0.
06
8
0
-
0
-
10
0.
65
18
7.
4
17
39
H
er
tto
ni
em
i
7
19
0
7
62
7
0.
03
2
0
-
0
-
14
0.
15
21
7.
5
14
11
0
Pa
ki
la
14
25
0
14
51
20
50
0
-
9
13
K
au
ko
va
jni
o
39
25
0
39
73
31
90
21
18
27
10
K
on
tu
la
12
43
0
12
64
15
12
0
0
-
6
25
K
aja
an
ic
e
n
tr
e
23
48
0
23
89
17
31
0
9
42
15
18
H
äm
ee
np
ui
st
o
16
80
0
14
12
0
10
75
0
0
-
7
43
H
er
tto
ni
em
i
14
96
0
14
15
0
14
27
0
0
-
7
34
29
59
25
0.
22
25
3.
7
34
10
0
38
0.
24
40
2.
9
21
11
0
21
0.
40
21
4.
8
19
13
0
23
0.
32
23
2.
8
18
26
0
18
1.
1
18
5.
5
21
26
0
21
0.
22
21
2.
7
157
Table 19. Characteristics of hydrometeorological conditions in connection with sampling of snow-melting runoff.
min = minimum observed, max = maximum observed (Laiho 1980).
Catchment Mean air Maximum air Mean air Precipitation Precipitation
temperature of temperature during temperature of of sanipling of previous
sampling day sampling day previous day day day
0( 0( °C mm mm
min max min max min max min max min max
Pakila —1.0 5.0 0.5 10.5 —1.3 a 0 10.6 0 7.3
Kaukovainjo —6.0 5.9 —1.9 13.2 —7.3 5.9 0 8.7 0 8.7
Kontula 0.5 5.2 1.2 8.0 —1.1 5.0 0 10.7 0 7.6
Kajaani centre —4.9 7.3 — 1.5 a 6.7 0 11.4 0 2.8
Hämeenpuisto
—0.9 4.9 0.0 7 —2.2 4 0 5.5 0 11.8
Herttoniemj —1.3 5.0 1.0 8.0 —3.0 •a 0 11 0 7.7
a: missing observation
As for the precipitation and mean air tem
perature during the cold and melting periods of
1977/1978 and 1978/1979, both have been
lower than the long-term average (Table 13), of
the order of —25 % in the case of precipitation.
As a conclusion, the number of the ob
servations of storm-runoff water quality is
considered adequate for the analysis of the
dependence of the quality on the factors out
lined in Chapter 1. As to the observations of the
quality of the snow-melting runoff, they are
evaluated to be adequate to reveal the major
differences compared to the composition of
storm-runoff water. In other respects the melting
runoff results are to be interpreted with caution
due to the short monitoring period.
6.4 Hypothesis on equal quality of runoff
water and equal atmospheric depo
sition rates in test catchments
6.41 Quality of runoff water
To test the hypothesis on equai quality of the
storm-runoff water in the test catchments, the
hypothesis on equal variances of the normally
distributed quaiity parameters was tested first.
The Bartlett’s test statistics (Table 20) show
that the hypothesis on equal variances has to
be rejected at the 95 % significance level for
each studied quality parameter.
The unequal variances lead to the test of the
hypothesis on identical locations of the popu
lations of the quality parameters. The Kruskal
Wallis test statistics (Table 21) show that the
hypothesis on identical locations of the parameter
populations has to be rejected for ali quality
parameters at the 95 % significance level.
Thus, the quality of storm-runoff water in
the test catchments cannot be generalized as to
any of the studied parameters. Instead, the
quality is affected by the catchment-related
factors. As for the quality of melting-runoff
water, the variance between various catchments
is in general even larger (Table 18).
6.42 Deposition rates
The statistical evaluation of the observations on
the atmospheric particle deposition (Melanen and
Tähtelä 1981) (Tabie 9) was continued ‘here in
order to test the hypothesis on equal rates of
deposition in the six catchments.
The Bartlett’s test statistics (Table 22) for the
normally distributed deposition parameters show
that the hypothesis on equai varia.nces has to be
rejected at 95 % level for ali other parameters but
sulphate.
The Kruskai-Waiiis test statistics (Table 23)
and F statistic of the one-way analysis ofvariance
(Table 24) indicate that the hypothesis on equai
rates of deposition in the test sites has to be
rejected at the 95 % significance level for the
other parameters but total phosphorus. The
hypothesis on equai pH value of the precipitation
(deposition sampies) cannot be rejected either.
Thus respectively, the rates of atmospheric
particle deposition in the test catchments cannot
be generaiized as for practically ali parameters.
6.5 Hypothesis on equal quality ofrunoff
water and equal atmospheric depo
sition rates in categories of suburban
residential catchments and other
catchments
6.51 Quality of runoff water
The hypothesis on equal quality of storm-runoff
water was tested between two catchment cat
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Table 20. Test of hypothesis on equal variances of normaily distributed storm-runoff quality parameters in catch
ments studied. Ali observations gathered. Bartlett’s test at 95 % significance level (total organic carbon and pH not
studied, Kontulai n±exciuded in test of zinc and copper)a.
Quality paranleter
VS BOD7 CODCr Ci S04 Zn Cu Y25
Bartiett’s test statistic 19.9 43.1 23.8 190.9 32.9 45.5 166.9 114.1
df V 5 5
5 5
Hypothesis on equai variances is rejected yes yes yes yes yes yes yes yes
a: criticai values of chi-square distribution:x95 (df 5) = 11.1, X95 (df = 4) = 9.5
Tabie 21. Test of hypothesis on identical iocations of popuiations of storm-runoff quality pararneters jo catchments
studied. Ali observations gathered. Kruskai-Wailis test at 95 % significance level. Values of test statistic corrected for
ties (total organic carbon not studied, Kontula catchment exciuded in -test of zinc and copper)a.
Quality parameter
TS VS SS BOD7 CODCr totP totN Ci S04 V Zn Cu Pb pH F25
Kruskal-Waliis
test statistic 51.9 27.9 41.1 37.3 54.9 39.1 26.0 93.3 49.7 57.1 37.3 72.8 137.5 100.6 90.4
df 5 5 5 5 5 5 5 5 5 5 4 4 5 5 5
Hypothesis on
identicai locations
is rejected yes yes yes yes yes yes yes yes yes yes yes yes yes yes yes
a: crjticai values of chi-square djstribution: xg95 (d = 5) = 11.1, x95 (df = 4) = 9.5
Tabie 22. Test of hypothesis on equai variances of normaily distributed deposition parameters in catchments studied.
Ali observations gathered. Bartiett’s test at 95 % significance ievei (pH not studied)
Deposition parameter
Dvoi DTOC Dtotp DtotN DCI DSO4 DV DCu Dpb Dy25
Bartiett’s test statistic 95.8 44.2 52.5 93.1 113.7 7.2 59.6 72.4 89.6 12.9
df 5 5 5 5 5 5 5 5 5 5
Hypothesis on equai
varianees is rejected yes yes yes yes yes no yes yes yes yes
a: criticai value of chi-square distribution: (df = 5) = 11.1
Tabie 23. Test of hypothesis on identicai iocatjons of popuiations of deposition parameters in catchments studied.
Ali observations gathered. Kruskai-Waiiis test at 95 % significance level. Values of test statistic corrected for ties
Deposition parameter
Dtot Dvoi DTOC Dtotp DtotN Dcl DV Dzn DCu DPb DpH Dy25
Kruskai-Waiiis test
statistic 29.8 13.6 19.9 6.9 31.6 70.9 46.3 37.7 34.5 74.9 10.2 28.6
df 5 5 5 5 5 5 5 5 5 5 5 5
Hypothesis on identicai
locations is rejected yes yes yes no yes yes yes yes yes yes no yes
a:criticai value of chi-square distribution: (df = 5) = 11.1
egories: suburban residential catchments (Pakila,
Kaukovainio, Kontula) on one hand, and other
type of catchments (Kajaani centre, Hämeenpuis
to, Herttoniemi) on the other hand.
The distributions of the quality parameters
in the both two categories are in general strongly
skewed (Table 25) leading to the test of the
Tabie 24. Test ofhypothesis on equai means of suiphate’s
deposition rate (D504) in catchments studied. One-way
anaiysis of variance at 95 % significance ievei
F(5, 124) of analysis of variance model = 7.76
Hypothesis on equai means is rejected yes
a: criticai values of F distribution:F095(5,100) = 2.31,
F095(5,oo) = 2.21
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hypothesis on identical locations of the par
ameter populations.
The Wilcoxon’s rank-sum test statistics (Tabie
26) show that the hypothesis on equal quality in
the two catchment categories has to be rejected
at significance level 95 % for other parameters
except total nitrogen and pH value. Due to the
number of tied observations, the final conciusion
as for nitrogen remains uncertain.
Thus in general, the difference in the com
position of storm-runoff water between the sub
urban residential and other type of catchments is
statistically significant, the runoff being of poorer
quality in the latter category. As to the quality
of meiting-runoff water, the conclusion is valid
for the other parameters except total nitrogen,
chloride, and conductivity (Table 18). In the case
of chloride and conductivity the explanation is
the de-icing which does not depend on the catch
ment category (Chapter 2).
6.52 Deposition rates
The hypothesis on equai rates of the particle
deposition was tested between the two catch
ment categories, respectively.
The distributions of the deposition parameters
are in general similarly strongly skewed (Table 27).
The Wiicoxon’s rank-rum test statistics (Table
28) and the t statistics (Table 30) (results of the
test on equal variances in the case of sulphate’s
and vanadium’s deposition are presented in
Table 29) show that the hypothesis on equai rate
of deposition cannot be rejected at the 95 %
significance level in the case of organic carbon,
total phosphorus, total nitrogen and chloride.
Neither can the hypothesis on identical pH be
rejected. The hypothesis on equai deposition
rate is rejected at significance level 95 % for ali
other parameters.
Thus, the difference in the deposition rates
between the two catchment categories is statisti
cally significant in the case of parameters essen
tially reflecting the overall level of aeriai depo
sition (total and volatile deposition, and con
ductivity), corrosion phenomena and industrial
activity (zinc and copper), and traffic volume
and intensity (lead and zinc).
6.6 Hypothesis on equal quality of runoff
water and equal atmospheric depo
sition rates in catchments of Helsinki
and in catchments of Oulu and Kajaani
6.61 Quality of runoff water
The hypothesis on equai quality of storm-runoff
water was tested between the catchment pairs
Kontula/Pakila, Pakiia/Herttoniemi, Herttoniemi/
Kontula, and Kaukovainio/Kajaani centre (Tabies
31—33).
Between the two suburban residential catch
ments Kontula and Pakila, the difference in the
runoff-water quality in general is statistically
non-significant. Yet, a significant difference
exists as for parameters chloride, sulphate,
copper, lead and conductivity according to the
data in the analysis.
Between the residential catchment Pakiia and
traffic catchment Herttoniemi, and Kontula and
Herttoniemi respectively, the difference in the
runoff-water quality is statistically significant as
for practicaliy ali parameters, the quality being
poorer in the traffic catchment of Herttoniemi.
Between the residential catchment Kaukovai
nio and city centre-commercial catchment of
Kajaani, a statistically significant difference
exists as for the parameters totai soiids, suspended
solids, totai nitrogen, suiphate and iead. The
relations are somewhat contradictory, the aver
ages being higher in Kajaani centre as for total and
suspended solids, and lead but higher in Kauko-
vainio as to total nitrogen and suiphate. These
contradictory results and the non-significant
differences as for the other parameters are
probably mostiy due to the smail amount of
observations in the catchment Kajaani centre
(Table 14).
6.62 Deposition rates
The hypothesis on equal means of the aeriai
deposition rates was tested in the case ofnormaiiy
distributed parameters by Meianen and Tähteiä
(1981) between the catchment pairs studied
above. A summary on the conclusions is given
in Tabie 34. The analysis was continued here by
testing the non-normaliy distributed parameters
(Tabie 35).
Between the residentiai catchments Kontuia
and Pakila, none of the differences in the aver
ages of the deposition parameters is statisticaliy
significant.
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Between the residential catchment Pakila
and traffic catchnient Herttoniemi, a statistically
significant difference exists in the case of depo
sition parameters reflecting the volumes of mainly
heating and traffic, i.e. sulphate, vanadium, zinc,
lead and conductivity, the rates of deposition
being higher in Herttoniemi.
Between the residential catchment Kontula
and traffic catchment Herttoniemi, only the
depositions of zinc and lead, and the conductivity
of precipitation (deposition sampies) differ
statistically, being higher in Herttoniemi.
Between the suburban residential catchment
Kaukovainio and city centre of Kajaani, the rates
of deposition of most of the parameters differ
statistically being higher in the Kajaani centre.
6.7 Fraction of variance of storm-runoff
quality parameters explained and
adequacy of modeis
6.71 Modeiling approach
The stepwise multiple regression was applied to
form modeis for the dependent storm-runoff
quality parameters. Four different model types
Table 29. Tt of hypothesis on equal variances of
normaily distributed deposition pararneters in categories
of suburban residential catchments (Pakila, Kaukovainio
and Kontula) and other catchments (Kajaani, Hämeen-
puisto and Herttoniemi). Ali observations gathered. Two
sided testing at 95 % significance levei by variance ratio
testa.
Deposition parameter
DSO4 DV
were derived with explanatory variabies shown
in Table 36.
Of the explanatory variabies, the hydro
meteorological variables are shown in Table 16
and Fig. 14, the computational daily deposition
rates in Table 17 (for principle of computation,
see Fig. 15), the deposition leveis in Table 9, and
the emission leveis in Table 8.
A dichotomous variable (d1) was used as an
explanatory variable to separate the two catch
ment categories (dj = 0 for the suburban resi
dential catchments, d1 = 1 for the other catch
ments). The cumulative deposition of a deposition
parameter over dry period was computed by
multiplying the average deposition rate of the
parameter (deposition level) by the Iength of
the dry period (for example td x D’ot for the
cumuiative total deposition). The procedure was
the same as for the cumulative emissions over
the dry period.
The final modeis derived for the combined
observations of the six sites are shown in Tabies
3 7—40. In the regression analysis no missing
variable observations existed. The number of
observations (sampled rainfall-runoff events) in
the analysis is following as for the different
quality parameters (Table 15):
total solids 115
volatile solids 104
suspended solids 209
total organic carbon 27
biochemicai oxygen demand 92
chemical oxygen demand 199
total phosphorus 223
total nitrogen 182
chloride 112
sulphate 117
vanadium 115
zinc 92
copper 91
lead 225
Tabie 30. Test of hypothesis on equal means of normaiiy distributed deposition parameters in categories of suburban
residential catchments (Pakila, Kaukovainio and Kontula) and other catchments (Kajaani, Hämeenpuisto and Hertto
niemi). Ali observations gathered. Two-sided testing at 95 % significance ievel by t test and Weich’s approximation
methoda.
Values of statistics Test 7c1 and x2Parameter used differ from
X X2 s1 s2 n n2 t each other
DSO4 547 368 253 213 65 65 4.36 128 t test yes
Dv 0.75 0.28 0.53 0.21 65 62 6.63 85.0 Welch yes
Variance ratio
V, L’
Hypothesis on equal
variances is rejected
L41 6.37
64,64 64,61
no yes
a: critical values of F distribution: F0 975(60,60) = pH value 184
1.67,F0975(120,120) = 1.43 conductivity 142
a: percentiles of Student’s t distribution: t 097sj) = 1.99,t0975(120) = 1.98
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Catchment Parameter
pair
Kontula! VS
Pakila BOD7
CODCr
tot N
cl
s04
v
Zn
Cu
S
65 60 57
11 11 11
120 99 97
1.7 1.4 0.95
2.3 1.3 1.2
9.7 6.0 5.4
0.011 0.010 0.012
0.41 0.14 0.29
0.037 0.015 0.033
6.0 3.8 2.6
Values of statistics
S2
30 26
10 17
70 55
0.66 43
0.8 27
3.4 27
0.005 19
0.098 4
0.005 13
1.5 28
Test SE1 and x2
used differ from
t each other
17 0.37 41.1 Welch no
26 0.00 41 t test no
56 1.31 99.8 Welch no
38 1.67 76.7 Weich no
21 3.29 46 ttest yes
21 2.90 46.0 Weich yes
26 0.34 23.1 Welch no
13 1.83 3.4 Weich no
3 2.29 14.4 Welch yes
21 3.73 46.0 Welch yes
Herttoniemi/ TS
Kontula VS
BOD7
CODCr
tot N
cl
s04
V
Table 32. Test of hypothesis on equal means of normally distributed storm-runoff quality parameters in catchments
of Helsinki and in catchments of Oulu and Kajaani. Ali observations gathered. Two-sided testing at 95 % significance
level by t test and Weich’s approximation methoda.
Pakila/ VS 130 65
Herttoniemi BOD7 20 11
CODCr 220 99
totN 2.2 1.7
Cl 7.8 2.3
S04 17 9.7
V 0.024 0.010
Zn 0.35 0.14
Cu 0.050 0.037
12 6.0
55
8
110
1.1
2.7
4.8
0.013
0.14
0.022
2.7
290
55
8
110
1.1
2.7
4.8
0.013
0.29
0.022
2.7
57 13
10 12
70 42
0.95 29
1.2 14
5.4 14
0.005 14
0.098 10
0.033 10
2.6 15
150 13
30 13
11 12
97 42
0.66 29
0.8 14
3.4 14
0.012 14
0.14 4
0.005 10
1.5 15
530
130
20
220
2.2
7.8
17
0.024
Zn 0.41
Cu 0.050
12
26 3.40 37 t test yes
26 2.73 36 ttest yes
56 6.24 66.3 Welch yes
43 2.05 70 t test yes
27 7.26 16.1 Welch yes
27 4.26 39 t test yes
26 3.88 15.4 Welch yes
13 4.24 21 ttest yes
13 1.07 21 ttest no
28 7.12 41 ttest yes
16 3.49 18.0 Welch yes
17 4.14 18.3 Welch yes
17 2.41 27 t test yes
55 4.75 95 ttest yes
38 3.47 44.1 Welch yes
21 8.76 14.8 Weich yes
21 7.95 33 ttest yes
19 2.97 31 ttest yes
10 0.54 12 ttest no
3 2.66 11 ttest yes
21 10.7 21.0 Welch yes
39 1.19 56 ttest no
31 3.74 22.6 Welch yes
5 1.04 24 ttest no
15 0.65 33 ttest no
13 0.00 30 t test no
38 0.92 23.5 Welch no
18 2.98 54.3 Welch yes
41 1.35 57 ttest no
16 1.13 53 ttest no
39 0.48 53 ttest no
19 1.70 59 ttest no
220
60
11
120
1.4
1.3
6.0
0.011
0.35
0.015
3.8
72
95
8
12
130
3.1
8.1
0.014
0.33
0.042
5.9
Kaukovainio/VS
Kajaani SS
centre TOC
BOD7
CODCr
cl
SO4
V
Zn
Cu
y25
86
240
12
15
130
3.8
13
0.018
0.38
0.045
7.4
44 41 19
160 69 19
8 6 21
15 11 20
65 50 19
3.1 1.6 19
7.8 4.6 40
0.009 0.011 18
0.14 0.17 39
0.026 0.019 16
3.2 3.2 42
a: percentiles of Student’s t distribution:t0975(5) = 2.57,t0975(10) = 2.23,t0975(20) = 2.09,t0975(40) = 2.02,
t0975(60) = 2.00, 0975(80) = 1.99, 0975(100) = 1.98
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6.72 “First flush” phenomenon
In the modeis of ali runoff-quaiity parameters
—‘ (pH exciuded), a transformation of either the
‘ 0’00 a o “ rainfail duration or rainfail volume appears as a
O 0% 0% 0% 0% 0’
. ‘.-
‘- significant explanatory variable with a negative
tOS lI L—0’ - 0’ regression coefficient.
—1 V 0s V This refiects the occurrence of the “first
.—
—
flush” phenomenon, i.e. during long rainfall
— 0% 0’ 0% runoff events low concentrations after the “first
‘tl 0 0%00 fiush” effectiveiy decrease the composite con
‘_ ‘- e’0’ - -
00 •-‘ 1(1 0’ centrations. The “first flush” phenomenon was
-
a
‘0 0% 00 0% studied and verified in the sampling period ofn 0% 0% 0% — 0%
1978—1979 in the test catchments of Pakila and
Kontula. The phenomenon was aiready discussed
briefly by Melanen and Laukkanen (1980).
Another common characteristic, connected in
a
way to the “first flush”, is the appearance of
0
.
the preceding dry period with a positive regression
coefficient in the modeis of ali quaiity pararneters
—.
(again pH excluded). Aiso, the preceding rainfali
0% © runoff events are found to influence the studied
. 0 0’ 00 0%
,.
-
events.
00 00 ‘0 00 — 00
n’ 0% -. ls 0’ 0’
,n v V ‘0 V
6.73 Modeis of total and suspended solids
Roughly 50 % of the total variance of total soiids
,• 00 0% 0’
0 - ‘%
00
-.
can be explained by the best models. The com
putational daily rate of total deposition proves toCs 00 0- © 00
0’ 0% 00 0 0’
v v be non-significant as an explanatory variable.
\ Instead, the level of total deposition has an
—‘
0% \ impact on the total solids content, as does the
.
0%
“\catchment category.
0’ The fraction of the variance explained in the00 ‘0
0:
‘0 0% C- 0. . 0% case of suspended solids is approximately 40 %.
f1 V r 0’ t. 0% The\maximum intensities of both the event
studied and the previous rainfail event appear in
.
the modeis as explanatory variabies. The catch
OZ
ment category is found to have an impact on the
0- 0. o’5 o
0 •0 © 0 0 0 V 0 0 suspendi solids content.
.°-2 •0-.’+
.
‘‘ .0 tr — .0 •• .0 .0
of volatile solids, total organic
01-.
•2
5 3. 9.0... 2- 6.74 Mod
3 0 0 3 0 3 0 carbon,’\ and biochemicai and chemical[!-
..4 .k .. v oxygen demand>0 >0 >0
.2.9 .2.2 .2.9 Over 50% of e variance is expiained by the
•0 . o
-
best models of latiie solids. The computational
.2 0o 0u °o
.
.
.
daiiy rate of volatie deposition proves to be non
O3O0
.2 C-- 20--S . - significant as an ep1anatory variabie. Instead,
00 00 0 CI) 0 0 CI) 0 the volatile solids cbntent is expiained by the
.
1
average rate of emisson of hydrocarbons in the
.-
— 3 • 0 u catchment and by the atchment category.0 0) 0)0)
.3 > The observations of the total organic carbon
. .
0 are from three test sits (Kaukovainio, Kajaani
0 ,0) ol 1’
Q centre, Hämeenpuisto) nly. Almost 90 % of
\
\
168
Tabie 34. Resuits of test of hypothesis on equai means of deposition parameters in catchments ofHelsinki and in catch
ments of Oulu and Kajaani. ALI observations gathered (Melanen and Tähtelä 1981). + = equal rneans,
—
= unequal means.
Catchment Conclusion for deposition parameter
pair Dt0t Dvol DTOC Dtot P Dtot N DCI DSO4 DV Dzn DCu Dpb Dy25
Kontuial
Pakila + ÷ + + + + + + + +
PakiIaJ
Herttoniemi + + + + +
—
—
— ÷ —
—
Herttoniemi/
Kontula + ÷ + ÷ + + + +
— —
Kaukovainio/
Kajaani centre — ÷ + + +
—
— — —
—
—
—
Table 35. Test of hypothesis on identicai iocations of populations of deposition parameters in catchinents of Helsinki
and in catchments of Oulu and Kajaani. Ali observations gathered. Two-sided testing by Wilcoxon’s rank-sum teSt.
Figures without brackets refer to test statistic with ties handled so that vaiue of statistic is as smali as possible, figures
in brackets refer to test statistic with ties handled so that vaiue of statistic is as large as possible.
Catchment Statistic Deposition p arameter
pair Dtot Dzn DpH
Kontula/Pakiia Wiicoxon’s rank-sum test statistic 353(3 54) 142(143) 389(420)
Significance level at which hypothesis
on identicai locations is rejected <95%(<95%) <95%(<95%) <95%(<95%)
PakilaJ Wijcoxon’s rank-sum test statistic 425(426) 437(466)
Herttoniemi Significance level at which hypothesis
on identical locations is rejected <95%(<95%) <95%(95%)
Herttoniemi/ Wilcoxon’s rank-sum test statistic 331(33 1) 121(122) 410(442)
Kontuia Significance level at which hypothesis
on identicai iocations is rejected <95%(<95%) 99.9%(99.9%) <95%((95%)
Kaukovainio/ Wilcoxon’s rank-sum test statistic 743(764)
Kajaani centre Significance ievel at which hypothesis
on identicai iocations is rejected <95%(<95%)
Table 36. Structure of regression modeis.
Model Explanatory variabies
type
hydrometeorologicai variables & daily deposition
rates
II hydrometeoroiogical variabies & catchment
categorya
III hydrometeorological variabies, deposition leveis,
emission leveis & catchment category
IV hydrometeoroiogical variabies, cumuiative
depositions over dry period, cumulative emissions
over dry period & catchment category
a: foreed into modeis
the varianee can be explained by the best model.
In the case of organic carbon, also the daily rate
of deposition proves to be significant as an ex
planatory variable. The rate of emission of
hydrocarbons in the catchment and the catch
ment category are found to explain the organic
carbon content.
Roughly 40 % can be explained of the variance
of the biochemical oxygen demand. The catch
ment category is found to explain the BOD value.
Respectively, roughly 40 % can be explained
of the variance of chemical oxygen demand by
the best model derived. The value of COD is
found to be affected by the rate of emission of
the hydrocarbons and by the catchment category,
as in the case of volatile solids and organic
carbon.
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Table 38. Final modeis of type II. Legend as in Table 37.
Model Explanatory variabies in model Fraction Signifi
of ofvariance cance
parameter R tR imax td R max,p Tm d1
exfneg level
% %
TS (—)lnX (+)X (+)X 50.5 99.9
VS (—)lnX (+)X (+)X 48.7 99.9
SS (—)InX (+)X°5 (+)X (—)InX (+)X 40.9 99
TOC (—)X°5 (+)X (+)X 60.9 95
BOD7 (—)InX (+)X°5 (+)X 42.4 99
CODCr (—)InX (+)X (—)X°5 (+)X 36.4 99.9
tot P (—)lnX (+)lnX (+)X (—)lnX (+)X 39.8 99
tot N (—)X05 (+)X (+)X 25.7 95
CI (—)X° (+)X°5 (+)X 47.4 95
S04 (—)lnX (+)X°-5 (+)X 31.5 95
V (—)InX ()X° (—)X°5 (+)X 34.5 95
Zn (—)X (+)X05 (+)X 32.8 99.9
Cu (—)X (÷X (+)X 35.1 95
Pb (—)InX (+)ln X (+)X (—)X05 (—)X (+)X 49.7 99
pH - N.S.
P25 (—)InX (+)lnX (+)X 40.5 99.9
6.75 Modeis of total phosphorus
Approximately 40 % of the variance can be ex
plained by the best model derived for total phos
phorus. As in the case of suspended solids, the
maximum intensities of both the studied event
and the preceding rainfail event appear as ex
pianatory variabies in the modeis. The deposition
of total phosphorus is found to affect just through
the cumulative deposition during the dry period
(reflecting in practice the influence of dry period).
The phosphorus content is found to be explained
by the catchment category.
6.76 Modeis of total nitrogen
Roughly 40 % of the variance is explained by the
best model in the case of total nitrogen, too.
The deposition of total nitrogen (both the
computationai daily rate and the average rate) is
found to be non-significant as an expianatory
variable. Instead, the rate of emission of the
nitrogen oxides in the iocal background and the
catchment category are found to expiain the
total nitrogen content.
6.77 Modeis of chloride
The catchment category distinctly determines
the level of chloride content in the storm water.
Slightiy less than 50 % of the total variance can
be expiained by the best model.
6.78 Modeis of suiphate
Approximateiy 35 % of the variance of sulphate
can be explained by the best model derived. The
deposition of sulphate does not appear in the
modeis as an explanatory variable. The catch
ment category (and the rate of emission of
sulphur oxides) is found to explain the sulphate
content.
6.79 Modeis of heavy metais
Roughly 60 % of the variance of vanadium can
be expiained by the best model derived. Vanadium
is one of the quaiity parameters which is well
modelled by the emission-deposition factors;
the computational daily rate of deposition of
vanadium, vanadium’s deposition level, catch
ment category and the cumulative emission of
vanadium appear ali as expianatory variabies
in the various modeis.
As to zinc, approximately 40% ofthevariance
is expiained by the best model. The deposition
of zinc does not prove to be a significant ex
pianatory variable. Instead, the catchment
category has an influence on the zinc content.
In the modei of type IV, the air temperature
with a positive regression coefficient reflects the
growing rate of corrosion due to increasing
temperature.
The deposition does not prove to be a signifi
cant explanatory variable in the case of copper,
either. 35 % of the variance is explained by the
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best model, the catchment category being the
dominant explaining factor.
Lead is another quality parameter distinctly
affected by the emission-deposition factors.
Roughiy 60 % of the variance can be explained
by the best model. The computational daily
deposition rate of lead, lead’s deposition level,
catchment category and the cumuiative lead
deposition during the dry period appear ali as
expianatory variabies in the various modeis.
As in the case of suspended solids and total
phosphorus, the maximum rainfall intensity
proves to be a significant expianatory variable.
The air temperature appears in the modeis with
a negative regression coefficient reflecting the
growing emissions of lead due to increased
amount of cold startings of the motor vehicles,
and less efficient performance of the intemal
combustion engine at Iow speeds in the winter
time.
6.710 Modeis of pH vaiue and conductivity
Ali of the modeis of the pH value remain non
significant. Roughiy 40 % of the variance of
conductivity can be explained by the best model.
The catchment category is found to explain
conductivity. The values of conductivity increase
with growing air temperature.
6.711 Adequacy of models
Multicollinearity of the explanatory variables was
not found to cause problems in the modeiiing.
In general, the derived models can be con
sidered adequate, even though a slight tendency
exists for the models to underestimate the
highest observed parameter values.
As examples on the adequacy, the residual
piots of the models of volatile solids and lead
are presented in Appendix 2.
6.8 Proportion of atmospheric pollutant
load in runoff water of test catch
ments
6.81 Basis of computation
The average composition of precipitation during
the vegetation period and hydroiogical year was
computed by Melanen and Tähtelä (1981) by
dividing in the case of each component (pH and
conductivity excluded) the measured cumuiative
deposition by the measured cumulative precipi
tation (Table 41 and Fig. 16). The average com
position of runoff water during the vegetation
period (weighted means of storm-runoff quality
parameters from Table 14) is shown in Table 41
and Fig. 16, respectively.
The estimation of the proportion of the
aerial pollutant load in urban runoff water is
actually quite a complicated issue. If the poilutant
load coming with the precipitation, and the load
flushed out with the surface runoff are computed
to and from the whoie catchment area, the
annual load into the catchment equals or exceeds
the load coming out of the catchment as for
several of the parameters in most catchments,
because the volume of runoff is significantly
smaller than the volume of precipitation. Thus,
in this study it was considered that a correct
measure for the estimation is to compute the
loads to and from the runoff-generating surfaces.
This procedure makes it possible to directly
compare the results from different studies. At
the same time, the proportion derived by the
method can be considered a definite lower limit.
Another cumbersome task in computation
under Finnish conditions is the estimation of
the annual runoff volume because of the crucial
role of snowfali and snow cover; of the order of
30—5 0 % of the annuai total precipitation comes
as snow (Table 42). The observations of the
investigation, for example, did not yield any
method for estimation of the amount of snow
meiting runoff (Laiho 1980). Consequently, in
this study the annuai runoff volume was computed
based on the sum of the corrected precipitation
during the vegetation period and the maximum
water equivalent of snow (Table 42). The averages
of precipitation and maximum water equivalent
of snow used in computation re chosen on
the basis of graphs presented in Mustonen (1973)
and figures given in Tabies 11—13.
The average composition of runoff water
during the hydrological year (Table 41 and Fig.
16) was derived as follows. In the procedure, in
the case of each quality parameter (pH excluded)
the average concentration (weighted mean) ob
served during the vegetation period (Tabies 14
and 41) was weighted with the average corrected
amount of precipitation during that period (Table
42), and the average concentration (weighted
mean) observed in the snow-meiting runoff
(Table 18) with the average maximum water
equivalent of snow (Tabie 42).
Finally, in computation of the proportion
of the aerial poliutant load during the vegetation
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Fig. 16. Average composition of precipitation and runoff water in test catchments. Hatched bar represents precipi
tation, unhatched bar represents runoff. Solid line shows content during hydrological year, dotted line shows content
during vegetation period. Catchments: 1 = Pakila, 2 = Kaukovainio, 3 = Kontula, 4 = Kajaani centre, 5 = 1-lämeen-
puisto, 6 = Herttoniemi.
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Table 42. Amount of precipitation and water equivalent of snow used in computation of average composition of
runoff water during hydrological year, proportion of atmospheric pollutant Ioad and annual pollutant discharge.
Precision of estimation is 25 millimetres for each component.
h
Average precipitation Average precipitation during Average maxiinum
atc ment during hydrological year (extended) vegetation perioda water equivalent
uncorrected corrected uncorrected corrected of snow
mm mm mm mm mm
Pakila, Kontula &
Herttonjemj 625 700 425 450 100
Hämeenpuisto 575 650 375 400 100
Kajaani centre 550 650 325 350 175
Kaukovainio 500 550 275 300 125
a: May-November: Pakila, Kontula, Herttoniemi & Hämeenpuisto
June-October: Kajaani centre & Kaukovainio
Table 43. Proportion of atmospheric pollutant load jo runoff water of test catchments. Computed considering runoff
generating surfaces (‘—impervious catchment area>.
Proportion (%) in catchment
Parameter Season .
Pakila Kauko- Kontula Kajaani Hämeen- Hertto
Vainio centre puisto niemi
Total solids vegetation period 23 19 28 16 13 14
hydrological year 24 25 23 22 18 12
Volatile vegetarion period 42 26 46 22 21 35
solids hydrological year 44 32 44 29 26 31
Total organic vegetation period - 22 - 37 11 -
carbon hydrological year - 26 - 22 - -
Total vegetation period 29 22 23 15 15 40
phosphorus hydrological year 28 28 20 27 15 36
Total vegetation period 65 54 79 57 43 45
nitrogen hydrologicalyear 80 62 84 59 48 57
Chloride vegetation period 28 9 64 8 6 12
hydrological year 8 7 3 6 5 3
Sulphate vegetation period 66 57 100 100 61 53
hydrological year 61 31 75 86 58 45
Vanadium vegetation period 28 18 34 28 34 21
hydrological year 57 39 52 56 67 43
Zinc vegetation period 15 5 14 16 8 27
hydrological year - 10 - 19 - -
Copper vegetation period 12 31 51 50 5 13
hydrological year - 64 - 26 - -
Lead vegetation period 15 10 14 15 15 12
hydrological year 30 20 20 26 21 19
period and hydrological year (Table 43) the 6.82 Proportion of atmospheric load
average content of runoff water shown in Table
41 and the average precipitation shown in Table The percentages of the atmospheric pollutant
42 were used. The uncorrected amount of load in the various catchments are given in Table
precipitation was used in the case of deposition 43. Based on these percentages, an evaluation on
Ioad, because the average composition of precipi- the magnitude of the proportion of the aerial
tation was computed by measured precipitation. pollutant load is presented in Table 44.
For the runoff load the corrected amount of As for the total solids, the proportion of the
precipitation during the (extended) vegetation aerial load is of the order of 1/5 during both the
period, and the maximum water equivalent of vegetation period and the whole hydrological
snow were used. . year.
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Parameter Average proportion
of load
Total solids 1/5
Volatile solids 1/3
Total organic carbon 114
Total phosphorus 1/4
Total nitrogen 1/2—2/3
Chloride 1/20—1/5
Sulphate 1/2—3/4
Vanadium 1/4—1/2
Zinc 1/10—1/5
Copper 1/4—1/3
Lead 1/5—1/4
Respectively, the proportions are roughly
1/3 for the volatile solids, 1/4 for organic carbon
and phosphorus, and 1/2—2/3 for the total
nitrogen, the higher figure being valid for the
hydrological year.
In the case of chloride, the rough proportion of
the atmospheric load is 1/5 during the vegetation
period but 1/20 during the whole hydrological
year.
The proportion of the aerial load is of the
order of 1/2—3/4 in the case of sulphate, the
proportion being slightly lower during the whole
hydrological year.
In the case of vanadium, roughly 1/4 of the
load comes by deposition during the vegetation
period but 1/2 during the whole hydrological
year.
The proportion of the aerial load is of the
order of 1/10—1/5 in the case of zinc, and 1/4—
1/3 in the case of copper.
In the case of lead the proportion of the
atmospheric load is of the order of 1/5—1/4.
6.9 Discussion
In this study, the objective was to analyse the
dependence of urban runoff-water quality on the
cätchment category, emission and deposition
leveis, and hydrometeorological factors. The
main findings of the study are discussed here.
In the following discussion, some evaluation
is also made of the observed runoff quality
compared to the quality reported from other
countries. For this purpose, averages observed
in some Scandinavian and other investigations
are given in Table 45. The wide variation in the
runoff quality — confirmed in this study, too —
is to be seen in Table 45. A direct comparison
of the results of the various studies is actually
impossible due to differences in both the sampling
and analysis techniques, and other representa
tiveness of the data (lengths of the monitoring
period, special catchment characteristics etc.).
This is why the figures shown in Table 45 have to
be interpreted with caution, yet, they offer a
view on the magnitude and variation of the urban
runoff-water quality.
Respectively, some comparisons are made
here to the average composition of the effluent
from the Finnish sewage treatment plants with a
simultaneous-precipitation process (Table 46).
The average annual discharge is computed in
Chapter 6.99 for some key pollutants.
6.91 Total and suspended solids
Roughly 50 % could be explained of the total
variance of total solids content. The atmospheric
deposition was found to account for one fifth of
the total solids Ioad in the urban runoff water,
thus forming a substantial basic load; the majority
of the total solids load yet originates from
sources other than the aerial deposition. In their
studies Mance and Harman (1978) report the
proportion of the aerial load of solids to be 29 %,
and Simpson and Hemens (1978) 22 %, which
are of the some order as the proportion found
here. A statistically significant difference could
be proved in the total solids content between
suburban residential catchments on one hand,
and other type of catchments on the other hand.
Respeetively, the difference in the average total
deposition was found to be statistically significant
between the two catchment categories. The total
solids content is generally found to grow in the
melting-runoff water when compared to the
storm runoff.
Approximately 40 % of the variance could be
explained in the case of suspended solids content,
which accounts for roughly two thirds of the
total solids content. The difference in the average
suspended solids content between the two catch
ment categories was statistically significant. The
observed average suspended solids content seems
higher than in many of the foreign studies
referred to this may partly imply to differences
in the sampling techniques but mostly refers to
the different street-cleaning practices and amount
of sand available in the Finnish catchments due
to de-icing in the cold period. The suspended
solids content of the urban runoff water is found
to be roughly five-to tenfold, even twentyfold
Table 44. Magnitude of proportion of atmospheric
pollutant load in runoff water of Finnish urban areas.
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Table 45. Averages of runoff-quality parameters of main interest in some Scandinavian and other investigations.
Range of averagesCatchment type
suspended biochemical chemical total total lead
solids oxygen oxygen phosphorus nitrogen
demand (BOD7) demand (CODr)
mg11 mg11O mg11O mgl1P mg1N mgl1Pb
Suburban residential
Sweden (Malmquist &
Svensson 1974, 1975 and
1977; Malinquist 1978) 58—140 93a 6389a 0.04—0.40 1.2—1.5 0.060—0.28
Norway (Lindholm &
Balmer 1978) 86—930 - 63—74 0.3—0.8 2.3—5.9 0.050-0.10
Switzerland (Roberts et al.
1976) 83 9 37 0.18 0.11
United Kingdom (Mance &
Harman 1978) 130
- - -
- 0.25
West Germany (Goettle
1978)b 130 - - 0.7 - 0.11
USA (Huber et al. 1979) 56—1 500 5—70 - - - -
South Africa (Simpson &
Hemens 1978) 100 - - 0.30 2.1 -
City centre-commercial
Sweden (Malmquist &
-
Svensson 1977) 91 - 120 0.37 - 0.40
Norway (Lindholm &
Balmer 1978) 300 - 160 0.6 3.2 0.41
USA (Huber et al. 1979)C 94—1 500 15—150 - - - -
Traffic
Sweden (Malmquist &
Svensson 1974) 280—540 15—36 - 0.08—0.4 2.1 0.41
Switzerland (Dauber et al.
1979) 110 14 - 0.28 —3 0.34
a: reported only in one of studies referred; b: rough averages given for whole Munich area, C: includes mixed land
use areas
Table 46. Quality of effluent from sewage treatment plants with simultaneous-precipitation process in Finland.
. . Concentration in effluentQuality parameter Unit . .
requlrement plants in performance evaluation made by National
by water Board of Waters, Finland (Vesihallitus 1979)b
autboritiesa best median arithmetic worst
performance mean performance
Suspendedsolids(SS) mgll -c 7 24 30 66
Biochemical oxygen
demand(BOD7) mgl12 <25d 8 21 29 110
Totalphosphorus(totP) mg11 P <1.5 0.24 1.6 1.9 5.5
Total nitrogen (tot N) mg l N - 4 23 25 49
a: when BOD7 of influent is less than 300 mg l 02 as monehty average; b: number of plants in study =19 forSS,
23 for BOD7, 23 for tot P and 21 for tot N; C: no requirement; d: BOD7 reduction at least 80 %
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in the melting-runoff water, when compared to
the content in the effluent from simultaneous
precipitation plants.
692 Volatile solids, total organic carbon, and
chemical and biochemical oxygen demand
The rate of emission of hydrocarbons in the
catchment or iocal background was found to
explain the volatile solids and organic carbon
contents, and the chemical oxygen demand
(CODCr). This refers to exhausts from the
motor vehicies which were estimated to produce
majority of the hydrocarbons emitted in the
catchments themselves (Melanen and Tähtelä
1981).
Roughiy 55 % couid be explained of the
variance of volatile solids content, which accotints
on the average for one fourth of the total solids
content. The proportion of the aerial ioad of the
volatile solids was found to be approximateiy
one third, thus aiso contributing a substantial
basic ioad. Maimquist (1978) reports the pro
portion to have been 20 % when the organic
content was measured by chemical oxygen
demand. The averages of both the volatile soiids
content of runoff water and of the volatile
deposition were found to differ statistically in
the two catchment categories studied.
Observations of the total organic carbon
existed only in three test sites. Roughly 88 %
of the variance could be explained. The aerial
deposition was found to account for one fourth
of the organic carbon load in the runoff. Between
the two catchment categories, a statistically
significant difference was found in the organic
carbon content of runoff water, but not in the
aeriai deposition of carbon (when ali six catch
ments were inciuded).
Slightiy iess than 40 % of the variance could
be explained in the case of chemical oxygen
demand. The ratio between the chemicai and
biochemicai oxygen demands (CODCr:BOD7) is
of the order of 5:1 to 10:1. The difference in the
averages of the chemical oxygen demand between
the two catchment categories was statistically
significant. Compared to the averages reported
from the foreign studies referred to, the observed
averages are of the same order (or slightly higher
in the case of suburban residentiai catchments).
Slightly over 40 % couid be explamed of
the variance of biochemicai oxygen demand. A
statistically significant difference was found in
the biochemical oxygen demand of runoff water
between the two catchxnent categories. The ob
served averages are of the same order as those
reported in the foreign studies referred to (signifi
cantly higher averages are however reported from
the United States). In the city centres the aver
age BOD of runoff water may equai or exceed
the average put as a requirement for the effluent
of the simuitaneous-precipitation plants.
6.93 Total phosphorus
Roughiy 40 % couid be expiained of the variance
of the total phosphorus content. The approximate
proportion of the atmospheric load was found to
be one fourth. Malmquist (1978) reports the
aeriai ioad to account for 25 %, and Simpson and
Hemens (1978) 18 % of the total phosphorus
ioad in the urban runoff water, which match well
with the findings of this study. A statistically
significant difference was found to exist in the
phosphorus content of runoff water between the
two catchment categories. Yet, the difference
vas non-significant as to the rate of deposition of
phosphorus. Neither couid the hypothesis on
equal rates of the deposition of phosphorus be
rejected between the six test. catchments. The
averages of the phosphorus content of runoff
water are of the same order as those reported in
the foreign studies referred to. The average phos
phorus content of runoff water is of the order of
20—40 % of the most common requirement put
on the effluent of the simultaneous-precipitation
plants, but it may in the melting-runoff water of
city centres equal the content of the effluent of
well functioning new treatment plants.
6.94 Total nitrogen
Slightly over 40 % couid be explained of the
variance of total nitrogen content. The rate of
emission of nitrogen oxides was found to expiain
the nitrogen content of runoff water. The
approximate proportion of the aerial ioad of
total nitrogen in the runoff water was found to
be one haif during the vegetation period, but two
thirds during the hydrologicai year. This refers
to the major sources of emission of the nitrogen
oxides into the air (heating and traffic) which
also expiain the growth of the nitrogen content
in the melting-runoff water when compared to
the storm-runoff water. Malm quist (1978) reports
the proportion of the aeriai load of nitrogen to
be 70%, and Simpson and Hemens (1978) 117%
(loss of nitrogen in the catchment). The con
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clusion on the significance of the difference of
the total nitrogen content of runoff water
between the two catchment categories remained
uncertain. The difference proved to be non
significant between the catchment categories as
to the deposition of nitrogen. This is mainly due
to the fact that the deposition of total nitrogen is
highly dependent on the amount of precipitation
(Melanen and Tähtelä 1981) which in turn de
creases in direction southern Finland-northern
Finland. The observed averages of nitrogen con
tent in the runoff water seem to be slightly lower
than those reported in many of the foreign
studies, which implies to higher aerial Ioad in
the more urbanized and industrialized countries.
The nitrogen content of the urban runoff water
is roughly 10 % of the average content of ef
fluent from the simultaneous-precipitation plants.
6.95 Chloride
Almost 50 % could be explained of the variance
of chloride content. The approximate proportion
of the atmospheric load was found to be one
fifth during the vegetation period but only one
twentieth during the whole hydrological year.
The latter is due to the use of de-icing salts in
the cold period, which can clearly be seen as
increased chloride content (and conductivity) in
the snow-melting water. Mance and Harman
(1978) report on an aerial chloride proportion
of 28 % which matches with the figures found
here during the vegetation period. Between
the two catchment categories, a statistically
significant difference was found in the chloride
content of storm water but not in the rate of
chloride’s deposition. The difference is also
non-significant as for the chloride content of
melting water, which crucially depends on the
de-icing practices.
6.96 Sulphate
Roughly 35 % could be explained of the variance
of the sulphate content. The proportion of the
aerial load was found to be roughly three fourths
during the vegetation period and roughly one half
during the hydrological year. The contribution
from the air is thus quite dominant. The lower
proportion of load over the hydrological year is
either due to inaccuracies in the data, or implies
to the direct emission or diffusion of sulphur
oxides to the snow in the cold period. As for
both the content of sulphate in the runoff water
and the rate of sulphate deposition, the difference
between the two catchment categories was found
to be statistically significant.
6.97 Heavy metais
Roughly 60 % could be explained of the variance
of vanadium content, the models of which were
dominated by the aerial deposition. The approxi
mate proportion of the atmospheric load was
one fourth during the vegetation period, but one
half during the hydrological year, which reflects
the main source of vanadium
— heating by the
fuel oil. Both the vanadium content of runoff
water and the rate of vanadium’s deposition were
found to differ statistically between the two
catchment categories.
Roughly 40 and 35 % could be explained of
the variances of zinc and copper. The proportion
of the aerial load was found to be of the order
of one tenth-one fifth in the case of zinc, and
one fourth-one third in the case of copper. These
proportions indicate the corrosion to be the main
source of zinc and copper in the test catchments.
Malmquist (1978) reports the aerial load to be
30 % for zinc and 7 % for copper, Mance and
Harman (1978) give a proportion of 38 % in the
case of zinc but 96 % in the case of copper,
which show that the relationships are highly
catchment-related as for these compounds.
Slightly over 60 % could be explained of the
variance of the lead content. The deposition of
lead was found to explain well the Iead content
of runoff water; yet, the atmospheric load was
found to account for only one fifth-one fourth of
the load in the runoff. This is due to the fact
that, even though significant differences exist
between catchments in the rate of Iead deposition,
depending on the volume and type of traffic,
the majority of the lead emissions are contributed
directly to the runoff-generating surfaces by the
vehicle exhausts. Somewhat higher proportions
of the aerial load of lead have been reported by
Malmquist (1978), and Mance and Harman
(1978), 40 and 54 %. The observed averages of
the lead content are within a range reported in
the foreign studies referred to. As for both the
lead content of runoff water and the rate of
lead’s deposition, a statistically significant dif
ference was found to exist between the two
catchment categories.
6.98 pH value and conductivity
Ali of the modeis derived for pH remained non
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significant. Respectively, the difference between
the two catchment categories proved to be non
significant as for both the pH value of runoff
water and precipitation. The pH of runoff water
is nearly neutral, but of the order of 4—5 in the
precipitation.
Roughly 40 % could be explained of the
variance of the conductivity of runoff water. The
difference between the two catchment categories
proved to be significant as for the conductivity
of both the storm runoff and precipitation. The
conductivity of runoff water is roughly two-to
three-fold compared to the conductivity of
precipitation.
6.99 Annual discharge of suspended and organic
matter, phosphorus, nitrogen and Lead
The average annual discharges of suspended
solids, organic matter (measured as chemical
and biochemical oxygen demand), total phos
phorus, total nitrogen and lead from the test
catchments are shown in Table 47 and Fig. 17.
The computation was based on the foilowing
assumptions:
— average composition of the runoff water
during the hydrologicai year (Table 41) (for
CODCr and BOD7 the averages were computed
analogically),
—
sum of the corrected average amount of
precipitation during the (extended) vegetation
period and the average maximum water
equivalent of snow (Table 42),
—
average runoff coefficient equalling the
proportion of the paved surfaces with direct
access to the storm-drainage network (Table 1).
When studying separate rainfall-runoff events
and direct runoff in the test catchments (Mela
nen and Laukkanen 1981), it was found that the
proportion of runoff-generating surfaces was less
than the proportion of the impervious area in a
catchment. When deaiing with runoff volume
during the whole vegetation period and hy
drological year, the author suggests that it is
reasonable to assume that ali of the paved surfaces
with direct access to the drainage system wiil
generate runoff. This gives a safe estimate in the
sense that the discharge is not underestimated.
As shown in Fig. 17, there is a distinct cor
relation between the pollutant discharge and the
pereentage of impervious surfaces in a catchment.
7. CONCLUSIONS
The following main conclusions were derived
from an anaiysis of the runoff-quality data
gathered in the study:
1. The quaiity of urban runoff water varies
widely both between and within different
catchments. The composition of the runoff
water cannot be generaiized with regard to
any of the studied quality parameters. A
statistically significant difference exists in
the composition of urban runoff water
between two catchment categories: suburban
residential catchments and other type of catch
ments (city centre-commercial, traffic), the
quality being poorer in the latter category.
2. Foliowing fraction of the total variance can
be explained by variabies characterizing the
catchment category, emission and deposition
leveis, and hydrometeoroiogical factors in the
case of studied storm-runoff quaiity par
Table 47. Estimate on annual discharge of suspended solids, organic matter (asCODCr and BOD7), total phosphorus,
total nitrogen and lead from test catchments. For principle of cornputation, see text.
-
Discharge in catchment
Parameter Unit
Pakila Kauko- Kontula Kajaani Hämeen- Hertto
vainio centre puisto niemi
Suspended solids (SS) i03 kg km2a 22 8.7 33 78 120 37
Chemical oxygen
demand(CODcr) i03 kgkm2a1 02 11 11 20 36 54 28
Biochemical oxygen
demand (BOD7) i03 kg km2a 2 1.5 1.3 2.5 3.6 10 2.8
Total phosphorus (tot P) kg km2a1 P 30 25 61 93 190 41
Total nitrogen (tot N) kg km2a1 N 250 200 400 500 950 300
Lead(Pb) kgkmalPb 11 11 25 57 160 29
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0 -X
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ameters:
>1/2 total organic carbon, vanadium, lead
—‘1/2 total and volatile solids, chloride
1/3—1/2 suspended solids, biochemical and
chemical oxygen demand, total
phosphorus, total nitrogen,sulphate,
zinc, copper, conductivity
3. The aerial deposition contributes a substantial
basic pollutant load to the urban runoffwater.
As for the studied parameters, the rough pro
portion of the atmospheric load in the Finnish
urban areas is as follows (the Ioad considered
to and from impervious catchment area):
1/2—3/4 sulphate
1/2—2/3 total nitrogen
1/4—1/2 vanadium
1/4—1/3 organic matter (volatile solids, or
ganic carbon), copper
1/4 total phosphorus
1/5—1/4 lead
1/5 total solids
1/10—1/5 zinc
1/20—1/5 chloride
4. The quality of melting-runoff water changes
weaker than the quality of storm-runoff water
when moving from the suburban residential
catchments to the city centres.
5. In the city centres the urban runoff water
may reach characteristics of purified sewage.
The average BOD7 value of the urban runoff
water may equal or exceed the value in the
effluent of the sewage treatment plants with
a simultaneous-precipitation process. In the
melting-runoff water the phosphorus content
may be of the same order as the content in
the effluent of well functioning new treat
ment plants.
6. The annual discharge of suspended and or
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Fig. 17. Annual discharge of pollutants versus percentage of impervious surfaces in catchment (paved surfaces with
direct access to storm-drainage network). For principle of computation, see text.
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ganic matter, phosphorus, nitrogen and lead
from the Finnish urban areas is of the fol
lowing order of magnitude:
suspended
solids 10 000—10(3 000 kg kin2a4
chemical
oxygen demand
(CODCr) 10 000—50 000 kg km•2a1 °2
biochemical
oxygen demand
(BOD7) 1 000—10 000 kgkm2a1 02
total
phosphorus 20—200 kg lcm’2a1 P
total nitrogen 200—1 000 kg k.m2a’ N
lead 10—150 kg km2a’ Pb
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LOPPUTIIVISTELMÄ
Valtakunnallisen hulevesitutkimuksen kenttäko
keet suoritettiin vuosina 1977—1979 Helsingissä,
Tampereella, Oulussa ja Kajaanissa sijainneilla
taajamakoealueilla.
Tutkimuksessa h avainnoitiin samanaikaisesti
koealueiden hulevesien ja ilmaperäisen laskeuman
määrää ja koostumusta tavoitteena mm. selvittää
hulevesiin ilman kautta tulevan kuormituksen
osuus.
Havainnoista on tehty seuraavat pääjohtopää
tökset:
1. Hulevesien laatu vaihtelee voimakkaasti sekä
erilaisten alueiden välillä että yhdellä alueella.
Pääparametrien osalta vaihteli sulan kauden
huleveden keskimääräinen laatu koealueilla
seuraavasti: SS 89—280 rng l—, BOD7 9—28
mg l— 02, CODCr 93—200 mg 1—1 02, tot P
0,25—0,43 mg 1—1 P, tot N 1,1—2,2 mgli N,
Pb 0,092—0,43 mg 1—1 Pb ja pH 6,7—7,2.
Laatua ei voida yleistää minkään tutkitun
komponentin suhteen. Huleveden laadussa on
tilastollinen ero kahden aluetyyppiryhmän
—
toisaalta esikaupunkimaiset asuntoalueet, toi
saalta muuntyyppiset alueet (keskusta- ja lii
kennealueet) — välillä.
2. Seuraava osuus tutkittujen sulan kauden hule
veden laatuparametrien kokonaisvarianssista
pystytään selittämään muuttujilla, jotka ku
vaavat aluetyyppiä, emissio- ja laskeumatasoja
ja hydrometeorologisia tekijöitä:
>1/2 orgaaninen hiili, vanadiini ja lyijy
“-1/2 haihdutusjäännös, haihdutusjään
nöksen hehkutushäviö ja kloridi
1/3—1/2 kiintoaine, biokemiallinen ja kemi
allinen hapenkulutus, kokonaisfos
fori, kokonaistyppi, sulfaatti, sinkki,
kupari ja sähkönjohtavuus
3. Ilmasta laskeumana tuleva kuormitus muodos
taa oleellisen peruskuorman taajamien huleve
sun. Tutkittujen parametrien osalta on ilma
peräisen kuormituksen keskimääräinen osuus
seuraava (laskettuna alueen läpäisemättömien
pintojen suhteen):
1/2—3/4 sulfaatti
1/2—2/3 kokonaistyppi
1/4—1/2 vanadiini
1/4—1/3 orgaaninen aine (haihdutusjäännök
sen hehkutushäviö, orgaaninen hiili)
ja kupari
1/4 kokonaisfosfori
1/5—1/4 lyijy
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1/5 haihdutusjäännös
1/10—1/5 sinkki
1/20—1/5 kloridi
4. Lumen sulamisvesien laatu muuttuu sulan
kauden hulevesien laatua selvästi huonommak
si siirryttäessä esikaupunkialueilta kaupungin
keskusta-alueille. Kaikilla alueilla on sulamis
vedessä havaittavissa kohoaminen haihdutus
jäännöksen arvossa, kokonaistypen ja kloridin
pitoisuuksissa sekä sähkönjohtavuuden arvossa.
5. Keskustamaisilla alueilla hulevedet lähestyvät
eräiltä ominaisuuksiltaan käsiteltyä jätevettä.
Keskimaarainen biokemiallisen hapenkulutuk
sen (BOD7)arvo voi olla yhtä korkea tai kor
keampi kuin rinnakkaissaostuslaitoksen pur
kuvedessä. Samoin voi sulamisvesissä koko
naisfosforin keskipitoisuus olla samaa luokkaa
kuin hyvin toimivien uusien rinnakkaissaostus
laitosten purkuvedessä.
6. Kiintoaineen, orgaanisen aineen (mitattuna
kemiallisella ja biokemiallisella hapenkulutuk
sella), fosforin, typen ja lyijyn vuotuishuuh
toutumat suomalaisilla taajama-alueilla ovat
seuraavaa suuruusluokkaa:
kiintoaine 10 000—1(YJ 000 kgk2a1
10000—50000 kg knr•2a’ 02
content of total solids (mg 1—1)
content of volatile solids (mg 1—1)
content of suspended solids
(mg 1—1)
content of total organic carbon
(mgli C)
biochemical oxygen demand
(mg 1—1 02)
chernical oxygen demand
(mg i1 02)
content of total phosphorus
(mg h1 P)
content of total nitrogen
(mg i— N)
content of chloride (mg l Cl)
content of sulphate (mg l S04)
content of vanadium (mg 1—1 V)
content of zinc (mg 1—1 Zn)
content of copper (mg 1—1 Cu)
content of lead (mg j1 Pb)
pH value
conductivity (mS m1)
parameters
rate of total deposition (mg m2
in 30 days)
average total deposition (mg m2
in 30 days)
rate of volatile deposition(mg m2
in 30 days)
average volatile deposition
(mg m2 in 30 days)
rate of deposition of total organic
carbon (mg m2 C in 30 days)
average deposition of total organic
carbon (mg m2 C in 30 days)
rate of deposition of total phos
phorus (mg m2 P in 30 days)
average deposition of total phos
phorus (mg m2 P in 30 days)
rate of deposition of total nitrogen
(mgm2Nin 3ldays)
average deposition of total nitro
gen (mg m2 N in 30 days)
rate of deposition of chloride
(mg y—2 Cl in 30 days)
average deposition of chloride
(mg m2 Cl in 30 days)
rate of deposition of sulphate
(mg m2 S04 in 30 days)
average deposition of sulphate
(mg m2 S04 in 30 days)
rate of deposition of vanadium
(mg m2 V in 30 days)
average deposition of vanadium
(mg m2 V in 30 days)
rate of deposition of zinc
(mg m2 Zn in 30 days)
average deposition of zinc
(mg m2 Zn in 30 days)
rate of deposition of copper
(mg m2 Cu in 30 days)
average deposition of copper
(mg m2 Cu in 30 days)
rate of deposition of lead
(mg m2 Pb in 30 days)
kemiallinen
hapenkulutus
(cDD)
biokemiallinen
hapenkulutus
(BOD7)
kokonaisfosfori
kokonaistyppi
lyijy
tot N
Cl
S04
V
Zn
Cu
Pb
pH
‘25
Deposition
Dtot
*
Ltot
Dvol
-‘vol
DT0C
D-OC
Dtot i
Dot i’
Dtot N
*
‘-‘tot N
DC1
DDl
DSO4
D04
DV
*
L)V
DZn
Zn
DCu
Cu
Dpb
1000—10000
20—200
200—1 000
10—150
kg krrr2a1 02
kg km2a1 P
kglcm—2a1 N
kgkma4Pb
LIST OF SYMBOLS
Runoff-quality parameters
TS
vS
SS
TOC
BOD7
CODCr
tot P
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Emission
Epart, c
Epart, lb
average deposition of lead
(mg m2 Pb in 30 days)
pH value of monthly deposition
sam pies
average pH value of precipitation
conductivity of monthly depo
sition sampies (mS m4)
average conductivity of precipi
tation (mS m1)
parameters
emission rate of particuates in
catchment (kg ha1a1)
emission rate of particulates in
local background (kg ha1a1)
emission rate of hydrocarbons in
catchment (kg ha1a1 HC)
emission rate of hydrocarbons in
local background (kg ha1a1
HC)
ENO,C emission rate of oxides of nitrogen
in catchment (kg ha1a1 NO)
ENOx,lb emission rate of oxides ofnitrogen
in local background (kg ha1 a1
NOx)
emission rate of oxides of sulphur
in catchment (kg ha1a1 SOK)
emission rate of oxides of sulphur
in local background (kg ha1 a’
SOx)
emission rate of vanadium in catch
ment (kg ha1 a’ V)
emission rate of vanadium in local
background (kg ha1a1 V)
emission rate of lead in catchment
(kg ha1 a1 Pb)
emission rate of lead in local back
ground (kg ha1a1 Pb)
runoff volume (mm)
rainfali volume (mm)
rainfali duration (min)
maximum (five-minute) rainfail
intensity (mm h1)
preceding dry period (h)
volume of preceding rainfail event
(mm)
maximum (five-minute) intensity
of preceding rainfail event
(mm h1)
mean daily temperature (°C)
Statistical notations
number of observations
minimum value
median value
maximum value
arithmetic mean
weighted mean
standard deviation
Kolmogorov-Smirnov test statistic
fraction of variance explained
(multiple correlation squared) (%)
degrees of freedom of t distribution
degrees of freedom of F distribution
degrees of freedom of chi-square
distribution
test statistic in Student’s t test and
Welch’s approximation method
critical value of t distribution with
i degrees of freedom in two-sided
testing at 95 % significance level
critical value of F distribution with
1)1, 2 degrees of freedom in two
sided testing at 95 % significance
level
X95(df=p) critical value of chi-square distri
bution with df=p degrees of
freedom at 95 % significance level
DpH
*
D
*
D Y25
Catchment category
d1 dichotomous variable: d1 = 0 for
suburban residential catchments,
d1 1 for other catchments
EHCy,c
EHxCy,lb
n
min
m
max
x
xw
5
D
100 R2
‘1’ V
df
t
F0975(v1,2)ESOx,c
Eso,1b
EV,
EV,lb
Epb,c
Epb,lb
Hydrometeorological variabies
Q
R
tR
1max
td
Rp
‘max,p
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Appendix 1. Methods of analysis.
Total solids (TS)
Method; Evaporation and drying at 103—105 °C
(total residue).
Referenee: Vesianalyysitoimikunnan mietintö
1968. Komiteanmietintö 1968: B 19.
Volatile solids (VS)
Method: Ignition of total residue at 600 OC.
Reference: Vesianalyysitoimikunnan mietintö
1968. Komiteanmietintö 1968: B 19.
Suspended solids (SS)
Method: Fiitration through Whatman GF/A
(10 tim) filter, drying at 103—105 OC (total non
filtrable residue).
Reference: Suomen Standardisoimisliitto 1976.
Standardi SFS 3037.
Total organic carbon (TOC)
Method: Conversion of organic carbon to carbon
dioxide at 950 °C, measurement of amount of
carbon dioxide by infra-red analyzer.
Reference: APHA, AWWA & WPCF 1976.
Standard methods for the examination of water
and wastewater. l4th edition.
Biochemical oxygen demand (BOD7)
Method: Measurement of amount of oxygen
consumed in specific circumstances during seven
days in biochemical oxidation of organic matter.
Reference: Suomen Standardisoimisliitto 1979.
Standardi SFS 3019.
Chemical oxygen demand (CODr)
Method: Measurement of amount of oxygen
consumed in specific circumstances in chemical
oxidation of organic matter (dichromate test).
Reference: Suomen Standardisoimisliitto 1979.
Standardi SFS 3020.
Total phosphorus (tot P)
Method: Oxidation of phosphorus compounds to
orthophosphates in acid solution with K2S08,
formation of a complex as resuit of reactions
with ammonium molybdate and ascorbic acid,
measurement of absorbance of the complex
compound with spectrophotometer at wave length
880 nm.
Reference: Standardiehdotus INSTA-VH 23. 1975.
Total nitrogen (tot N)
Method: Oxidation of nitrogen compounds to
nitrates with K2S208, reduction of nitrates to
nitrites, formation of an atso colour compound
as resuit of reactions with suifanilamide and N
(1 -naphthyl) — ethylenediamine, measurement
of absorbance of the complex compound with
spectrophotometer at wave Iength 545 nm.
Reference: Henriksen, A. 1969. Analyseforskrifter
for auto-analyzer. NIVA. & Standardiehdotus
INSTA-VH 27. 1975.
Chloride (Cl)
Method: Determination with chemical auto
analyzer.
Reference: Henriksen, A. 1969. Analyseforskrifter
for auto-analyzer. NIVA.
Sulphate (S04)
Method: Determination with chemical auto
analyzer based on thorin method.
Reference: Henriksen, A. & Bergmann-Paulsen,
I-M. 1974. An automatic method for determining
suifate in natural soft water and precipitation.
Vatten 74, 2.
Vanadium (V), zinc (Zn), copper (Cu), lead (Pb)
Method: Determination with atomic absorption
spectrophotometer with graphite fumace.
Reference: Manuals of the instruments.
pH value (pH)
Method: Potentiometric determination at 25 ±
1 °C with glass electrode.
Reference: Suomen Standardisoimisliitto 1979.
Standardi SFS 3021.
Conductivity (Y25)
Method: Determination at 25 °C in conductivity
cells supplied with piatinum electrodes.
Reference: Suomen Standardisoimisliitto 1974.
Standardi SFS 3022.
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Appendix 2. Residual plots of modeis of volatile solids (model IV, n 104, 100 R2 =
55.3 %) and lead (model III, n = 225, 100 R2 = 61.0 %).
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